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Abstract 
Federal buildings are required to reduce 30% of their energy use intensities (energy use per square 
foot) by 2015 and 37.5% by 2020.  Additionally, 15% of federal buildings are required to achieve an 
Energy Star Rating of 75 or above by 2015.  Despite rigorous efforts, current Air Force healthcare 
building performance reveals only a 15% decrease has been achieved from the 2009 baseline levels 
and only 12% of the building inventory holds the Energy Star Rating.  Projections similarly reveal 
full compliance by 2020 may not be achievable, therefore, the need for a comprehensive and more 
robust effort is proposed.   
This thesis seeks to develop a road map for the Air Force’s 68 existing healthcare buildings 
towards compliance by 2015.  A methodology has been developed that leverages the Air Force’s 
state-of-the-art energy efficiency strategy, the building energy performance analysis for 68 healthcare 
facilities including ten in-depth case studies, and multi-agency interviews to produce the road map.  
Strategic energy management plans, building system retrofits, whole building retro commissioning, 
occupant behavior and medical equipment plug loads and standby loads have been assessed.  
Investment costs, energy savings, and return on investments present timeline objectives intended to 
deliver a comprehensive strategy towards energy savings in Air Force healthcare facilities by 2015.  
Findings indicate that an energy master plan that incorporates a systematic building diagnostics 
approach targeting HVAC equipment and system operations as the most effective strategy.  The 
results reveal that HVAC retrofits and implementation of no cost measures such as temperature 
setpoints and setbacks collectively reduce building energy use by 85% and energy use intensities by 
50% by 2015. Projections include a total budget request of $43.5 million, annual cost savings of $4.1 
with a 9.4% return on investment.   
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Professor of Building Technology and Mechanical Engineering 
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Executive Summary 
Federal buildings are required to reduce 30% of their energy use intensities (energy use per square 
foot) by 2015 and 37.5% by 2020.  Additionally, 15% of federal buildings are required to achieve an 
Energy Star Rating of 75 or above by 2015.  Despite rigorous efforts, current Air Force healthcare 
building performance reveals only a 15% decrease has been achieved from the 2009 baseline levels 
and only 12% of the building inventory holds the Energy Star Rating.  Projections similarly reveal 
full compliance by 2020 may not be achievable, therefore, the need for a comprehensive and more 
robust effort is proposed.   
In addition to establish the Air Force healthcare buildings to lead among world-class high 
performance facilities, this thesis seeks to develop a road map for the Air Force’s 68 existing 
healthcare buildings towards compliance by 2015.  A methodology has been developed that 
leverages the Air Force’s state-of-the-art energy efficiency strategy, this author’s building energy 
performance analysis for 68 healthcare facilities including ten in-depth case studies, and multi-agency 
interviews to produce this road map.       
This research includes a wide literature search to understand the healthcare industry’s state-of-the-art 
strategy trends and investigates those strategies used by the Air Force.  Extensive interviews with 
various Air Force departments are conducted, building case studies are evaluated and their reduction 
impacts are validated with energy performance data tracked via the Energy Star Portfolio Manager 
Database.  The analysis evaluates how each healthcare facility’s current energy use intensity (EUI) 
compares to the 2009 baseline level and then compares findings to the 30% energy use intensity 
federal reduction targets.  Additionally, this evaluation measures and verifies case study retrofit 
impacts, establishes and highlights common metrics, identifies challenges, documents lessons 
learned and then proposes a strategic plan timeline that outlines the facilities to be addressed with 
associated strategies, costs and return on investments.   
The literature search reveals a trend shift in efficiency efforts for existing healthcare buildings.  
National surveys by Commercial Building Energy Consumption Survey (CBECS 2007) and 
American Society of Healthcare Engineers Hospital Energy Management (2011) identify HVAC, 
lighting and building envelope systems as top energy savers.  However, the individual system 
components indicate a significant shift from common energy reduction strategies to more complex 
energy management control systems.  Strategies shift from regular HVAC maintenance and repairs, 
use of economizer cycle, daylighting features to higher efficiency HVAC equipment, retro-
commissioning, occupancy controls related to BAS, and energy management modeling programs 
and analysts.  Accordingly, a compilation of the latest energy reduction strategies with potential 
savings percentages for each building system serve as a ‘toolbox’ resource for building owners.  
According to the literature, each strategy uncovers opportunities for at least 10% - 20% energy 
savings, which endorse the efficacy of retrofit efforts.            
The analysis of the Air Force’s state-of-the-art energy efficiency process reveals inspiring foresight.  
The 15% EUI total reductions from the 2009 baseline levels are a result of a perceptively 
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coordinated strategic energy master plan (SEMP) from 2008.  This plan includes a legacy of 
intensive efforts targeting HVAC systems operations and equipment.  In fact, this HVAC strategy 
yields 90% of the energy reductions.  According to the Energy Star Portfolio Manager Database, a 
total of 3,577,411 MBtu’s of site energy use reductions are realized from the 2009 baseline levels 
across 12 million square feet of building floor space.  In effect, there is a 7.7% reduction in 
electricity (25.5 million kWh) and a 45% reduction in natural gas (34.9 million therms) from the 
2009 baseline levels.  The cost savings from 2009 to 2012 for electricity are $3 million and $34.9 
million for natural gas yielding impressive totals of $37.9 million with a 12.6% return on investment.     
 
To capture this process a list of the Air Force’s top energy efficiency strategies is assembled.   At the 
heart of energy efficiency strategy efforts is Building Automated System controls (BAS) and higher 
efficiency HVAC equipment which offer the highest energy savings.  In addition, interviews suggest 
temperature setpoints and setbacks are the single most cost effective strategy for achieving targets.  
Two clinic case study results show impressive average energy savings of 33% for electricity and 54% 
for natural gas consumption during night and weekend hours.  Also, Engineering Assessments and 
Whole Building Retro-Commissioning serve as effective diagnostic tools to identify system 
deficiencies resulting in moderate to high energy savings with an ROI of 6.5%.  To document what 
worked, what did not work and the recommended corrective actions, a list of lessons learned is 
compiled from interviews.   
 
Four case study results validate the “before and after” impacts from HVAC retrofit work and 
building energy consumption.  Remarkably, they reveal average reductions of 26% for electricity and 
39% for natural gas and equate to 43% average EUI reductions.  Accordingly, 4.5 GWh of electricity 
and 23 million cubic feet of natural gas are saved resulting in cost savings of $635,000 with a 10% 
ROI.   
 
The results also clarify that the initial SEMP requires acceleration in order to attain EUI reductions 
by the 2015 deadline.  This thesis generates a simple framework to classify, categorize, and prioritize 
healthcare inventory according to energy performance.  Consequently, 35 buildings are selected for 
further analysis.  Based on proven results from industry best practices, Air Force (AF) case study 
retrofits and no cost measures implemented across the AF healthcare building inventory, general 
strategies are selected for those 35 buildings.  The result is a strategic proposal plan that exceeds the 
30% EUI minimum federal targets.  The proposal presents quick turn-key energy reduction 
strategies, diagnostic fees, retrofit costs, cost savings and priority categories for 35 facilities in order 
to meet compliance by 2015.  Further, the plan projects that HVAC retrofits and implementation of 
no cost measures such as temperature setpoints and setbacks collectively reduce building energy use 
by 85% and energy use intensities by 50% at a total cost of $43.5 million and annual savings of $4.1 
million by 2015.  In addition, projections indicate 22% of the building inventory achieves Energy 
Star Ratings of 75 or above by 2015 fulfilling the second federal target.   
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Chapter 1  
1 Introduction 
Buildings dominate city landscapes all over the world.  Their primary function delivers sanctuary 
from the exterior elements satisfying basic human need and comfort. Many building types offer 
these primary benefits, however one building type that surpasses this concept even further is the 
healthcare facility.  The definition of healthcare is the prevention, treatment and management of 
illness with the preservation of mental and physical well-being and the philosophy of healthcare is 
the study of the ethics, processes, and people which constitute the maintenance of health for human 
beings.  Healthcare can be seen as a component of human social structures.  That is, as a societal 
institution it is a necessary phenomenon of human civilization where society continually seeks to 
improve and alter the overall nature and quality of life.  In this sense, from mending a broken limb 
to performing life-saving measures, healthcare buildings aid to promote human healing and comfort.   
Many changes in healthcare building types and patient care have transpired in waves – emerging in 
the 1700s and reaching their peak of evolvement in the current era.  With significant progress in the 
battle against disease and injury through advancements in science and technology, healthcare 
buildings today represent a genuine commitment of seeking to alter the quality of life.  This modern 
era has undoubtedly improved patient care delivery via sophisticated diagnostic, preventive and 
curative methods.  However, advancements in medical science and technology impact healthcare 
building design and operations and to a certain extent it appears that healthcare building evolution 
has not kept up with medical improvements.  Today, the use of more sophisticated building systems 
that aid to delivery state-of-the-art patient care services has increased energy consumption.  
According to the Commercial Buildings Energy Consumption Survey (CBECS), healthcare buildings 
are ranked among one of the highest energy consumers when compared to other building types in 
the United States predominantly due to high use of medical equipment, continuous day and night 
operations and intensive indoor air quality ventilation requirements (US Energy Information 
Administration 2012).  The reputation of high energy users is not exclusive to the civilian healthcare 
building industry.  Military Air Force healthcare buildings share the same challenges with regards to 
energy consumption.  Some would argue higher energy use intensities for military healthcare 
buildings may be normal since basic and military specific patient services may differ from the civilian 
sector adding to consumption totals.  Undoubtedly, whether military or civilian healthcare buildings 
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their higher energy intensities are contributing to growing concerns over carbon dioxide emissions 
and their impact towards climate change.  Thus, non-government agencies, industry partners and 
federal legislation have partnered to develop energy reductions goals to encourage both voluntary 
and non-voluntary participation from the civilian sector.  However, federal buildings including 
military healthcare buildings are faced with a slightly different option - energy reduction goals with 
steadfast timeline constraints set forth by the federal government.  Those include Executive Orders 
(EO) 13423, 13514, and the Energy Independence & Security Act 2007 (EISA2007).  The 
EISA2007 and EO 13423 direct all federal buildings to reduce annual energy use intensities by 30% 
by 2015 and to continue with energy reductions at a rate of 1.5 % per year or 37.5% by 2020 (US 
Department of Defense 2011).  Additionally, EO 13514 requires at least 15% of existing agency 
buildings and leases (above 5,000 gross square feet) to meet the Guiding Principles for High 
Performance and Sustainable Buildings (HPSBG) by FY 2015 which directs federal agencies to 
measure building energy efficiency performance and explains that 15% of existing federal buildings 
must achieve an ENERGY STAR
® 
rating of 75 or higher (ISWG 2008). 
This thesis seeks to develop a road map for the Air Force’s 68 existing healthcare buildings towards 
compliance by 2015.   
The remainder of Chapter 1 focuses on the environmental impacts from building energy use and 
potential implications towards climate change.  It discusses high energy costs associated with the 
U.S. healthcare industry and the Department of Defense (DoD), energy reduction federal policies 
affecting DoD buildings and documents the current building energy performance status of Air 
Force healthcare buildings.   Also, it documents state-of-the-art energy reduction strategies for 
existing healthcare buildings through an extensive literature review.  Chapter 2 details a 
comprehensive analysis overview of state-of-the-art energy reduction strategies the Air Force 
implemented during a four year period to achieve current energy reductions for 68 healthcare 
buildings.  Additionally, case studies are evaluated to validate energy savings associated with the 
strategy efforts.  Chapter 3 develops a simple methodology to classify, categorize and prioritize the 
healthcare building inventory according to energy performance and other criteria.  Also included is a 
comprehensive strategic plan proposal that outlines strategy recommendations, costs and savings 
implications presenting a roadmap towards compliance by 2015.  Chapter 4 summarizes results, 
thesis achievements and future work.                  
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1.1 Climate Change and Environmental Impact of Building Energy Use  
Climate change is defined as a long-term change in the earth’s climate specifically due to an increase 
in the average atmospheric temperature.  Environmental observations indicate warming of the 
climate system is undeniable due to increases in global average air and ocean temperatures, resulting 
in rising global average sea levels from melting snow and ice (IPCC 2007).   There is high certainty 
among scientists that the warming of the climate system may be explicitly related to green-house gas 
(GHG) and carbon dioxide (CO2) emissions.  According to the National Oceanic and Atmospheric 
Administration, among green-house gases that pose a warming effect on the climate such as 
methane and nitrous oxide, CO2 is considered the most significant contributor since its average 
lifetime is more than 100 years.  Annual emissions from CO2 were recorded having a higher rate of 
increase from 1995 to 2004 when compared to an 80% increase from 1970 to2004 (IPCC 2007).  
The increase of CO2 emissions highlights several critical observations. The first helps to confirm the 
correlation between increased human activities yielding higher CO2 emissions during a shorter 
timeframe relative CO2 average lifetimes.  This means the atmosphere can only absorb a certain 
amount of CO2 emissions in a given time period and the rest accumulates.  The second infers that 
higher and more fossil fuel intensive activities could have occurred during this period of time 
resulting in higher emissions.  Lastly, projections of energy consumption are expected to increase in 
the coming decades resulting in parallel increase in CO2 emissions.  In order to mitigate climate 
change more robust efforts will be required to offset increased emissions.  
As a result, researchers using sophisticated climate based models are deriving scenarios for 
estimating future impacts to the natural environment from CO2 emissions.   Their research findings 
suggest that unless immediate voluntary or policy actions are taken towards climate change 
mitigation an increase of 2 degrees Celsius surface temperature may pose irreversible consequences 
to the natural environment (IPCC 2007).  Further estimates indicate CO2 emissions from energy use 
are projected to grow 40% to 110% globally over the periods between 2000 and 2030 if no 
significant changes towards emission reductions are implemented.   
With growing concern over environmental impacts and climate change from GHG and CO2 
emissions, energy reductions through sustainable practices and technologies continue to resonate as 
the path towards a cleaner and more sustainable environment.  These practices aim to eliminate 
negative environmental impacts by designing physical objects, the built environment, and services to 
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comply with the principles of a balanced approach considering social, economic and ecological 
sustainability – also referred to as the triple bottom line (people, plant and profit). Sustainable 
technologies are intended to use less energy and resources and to not directly or indirectly pollute 
the environment.  Fundamentally, human activity implies the use fossil fuel energy sources which 
emit harmful contaminants into the atmosphere. Today, material extracted, processed and 
manufactured for installation in the built environment can impose a significant impact to the natural 
environment.  According to the International Panel of Climate Change (IPPC), global GHG 
emissions attributed to human activity grew 70% between 1970 through 2004 and estimated human 
activity in the coming decades is expected to increase.  Human activity can impact many sectors, but 
its impact to the building sector represents the highest potential for CO2 emissions when considering 
building operations.  According to the U.S. Environmental Information Agency, in 2009 building 
operations consumed 75% of the annual electricity, most of which was produced from the burning 
of fossil fuels.  Similarly, the building sector accounts for 40% of the total carbon emissions making 
it the largest end use emitter in the U.S., therefore representing an enormous opportunity for energy 
reduction potential and climate change mitigation (US Energy Information Administration 2010).  
1.2 Background  
1.2.1 U.S. Healthcare Industry & Department of Defense    
The healthcare industry continues to undergo various changes in patient care delivery ranging from 
simple outpatient services to state-of-the-art in-patient medical centers. Historically, healthcare 
buildings have been high energy consumers due to continual operations, higher ventilation 
requirements and high medical equipment use and most likely will continue to occupy that notoriety.  
It is estimated that close to $5 billion is spent annually in healthcare facility energy expenditures.  
According to CBECS which is a highly recognized national sample survey that collects information 
on the stock of U.S. commercial buildings’ energy related building characteristics, energy 
consumption and expenditures, healthcare buildings rank among the 4th highest when compared to 
other building types.  Additionally, this survey reports large hospitals in 2003 account for less than 
1% of all commercial buildings, 2% of commercial floor space, but consumes 4.3% of the total 
delivered energy used by the commercial sector (US Energy Information Administration 2012).  
Figure 1.1 compares the energy use intensity and floor space per building type.  According to this 
data, inpatient building types or hospitals reflect the second highest EUI and outpatient building 
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types or clinics rank in 8th place, however collectively they rank 4th as previously mentioned.  
Although floor space differences are slightly higher for inpatient buildings than outpatient buildings, 
the mean site EUI for inpatient buildings is 250 kBtu/sf and 90 kBtu/sf for outpatient buildings.  
This suggests that the higher EUI for inpatient buildings is likely due to intensive continual 
operations, higher medical equipment use and the need for higher ventilation requirements. 
 
Figure 1.1:  Energy Use Intensity by Building Type  
Source: CBECS 
Also, according to the U.S. Energy Information Administration (EIA) healthcare building energy use 
has increased steadily since 1999 and future projections for 2035 as shown in Figure 1.2 reveal 
significantly higher levels.  Energy use increases a remarkable 16% from 1999 to 2012 and is 
expected to increase another 3% by 2015.  Although much can be attributed to more sophisticated 
system integration in healthcare buildings rivaled with significant changes in patient care delivery 
methods, consistent trends expose even further implications for healthcare facilities in the United 
States.  This data reveals an alarming 17% energy consumption increase by 2035, thus, challenging 
the healthcare industry and more specifically building owners and facility managers to endorse 
steadfast energy efficiency efforts within the next decade.  
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Figure 1.2:  U.S. Healthcare Building Energy Use and Projections 
Sources: U.S. EIA, The Commercial Energy Consumption Survey 2003, Table A2, Census Region, Number of Buildings and Floorspace 
for All Buildings (Including Malls); EIA, The Commercial Energy Consumption Survey 1999, Table B3, p. 11, Census Region, Number 
of Buildings and Floorspace; EIA, The Annual Energy Outlook 2012 Early Release supplemental tables for regional detail, Table 32, Jan. 
2012. 
The Department of Defense (DoD) federal buildings share the same high historical energy 
consumption as well.  A report by the DoD in 2012 reveals energy consumption from all federal 
buildings accounts for 1% (223,800 billion British thermal units (BBtu)) of the total U.S. commercial 
sectors energy consumption and notes annual expenditures for facility energy costs total $4.1 billion 
(US Department of Defense 2012a).  To illustrate this further, the Annual Energy Management 
Report from FY 2011 reports a breakdown of the $4.1 billion expenditure: 36% to the Army, 30% 
for the Air Force, 28% for the Navy and 6% for other Defense Agencies (US Department of 
Defense 2012a).  Accordingly, the Air Force’s annual facility energy cost expenditures total $1.23 
billion with healthcare building energy costs totaling approximately 5% or $65 million.  Also 
noteworthy to point out is that Air Force buildings consumed 12% of the total Air Force energy 
consumption.  In spite of the notoriety, the Air Force building inventory achieves a 16.3% energy 
use intensity reduction (the highest of all agencies) from the FY 2003 baseline and a 1.4% reduction 
from 2010, but still falls 2% short of the target goals for 2011.  Air Force healthcare facilities 
experience similar results, but with a 6% shortfall from 2012 target goals.   From these shortfalls two 
critical characteristics are observed for Air Force healthcare facilities.  The first highlights a 
relationship to a specific building type with historically high energy use and the second underscores 
their association with an agency of the same high energy use history. In view of these statistics the 
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U.S. healthcare building stock including Air Force healthcare facilities deserve a thorough look to 
identify reduction opportunities. 
1.2.2 The Department of Defense Federal Policy  
Recognizing the environmental impact from operating over 300,000 buildings, the DoD has 
implemented numerous strategic policies in an effort to reduce emissions.  In addition to fuel, water 
and renewable energy initiatives, the FY 2011 DoD Strategic Sustainability Performance Plan (SSPP) 
marks mandatory energy reduction goals for federal buildings.  The SSSP serves as the primary 
strategic plan for all DoD agencies including all three military services; the Army, Navy and Air 
Force.  In this plan are Executive Orders (EO) 13423, 13514, and the Energy Independence & 
Security Act 2007 (EISA2007).  The EISA2007 and EO 13423 direct all federal buildings to reduce 
annual energy use intensities by 30% by 2015 and to continue with energy reductions at a rate of 1.5 
% per year or 37.5% by 2020.  Additionally, EO 13514 requires at least 15% of existing agency 
buildings and leases (above 5,000 gross square feet) to meet the Guiding Principles for High 
Performance and Sustainable Buildings (HPSBG) by FY 2015 and stipulates annual progress be 
made towards 100 percent compliance across the building inventory.  The HPSBG directs federal 
agencies to measure building energy efficiency performance and further explains that 15% of 
existing federal buildings must achieve an ENERGY STAR
® 
rating of 75 or higher (ISWG 2008).  
According to the U.S. Department of Energy’s Energy Star website, an Energy Star Rating is an 
energy performance rating that helps to assess how efficiently buildings use energy relative to similar 
buildings nationwide and the process to develop this rating includes the following elements.  
Building energy performance is calculated based on source energy consumption which includes 
energy consumed at the site typically expressed in kBtu (energy conversion of building electricity and 
natural gas consumption) as well as energy used in generation and transmission.  Effectively, the 
facility is then compared against peer groups that have similar building and operating characteristics 
collected from a nationally representative data set survey (CBECS).  A statistical regression analysis 
is completed on the reference data set (CBECS) to identify key drivers of energy consumption such 
as building type and characteristics including size, number of employees, operating schedules and 
weather.  This data set is then used to determine the distribution of energy performance across the 
entire population of buildings.  A table is created and the rating is based on the ratio of actual energy 
consumption to that predicted by the regression analysis.  By doing this, the EPA is able to express 
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ratings that reflect 1 point equaling to 1 percent of the population.  Thus, a rating of 50 indicates 
that the building from an energy standpoint performs better than 50% of all similar buildings 
nationwide, while a rating of 75 indicates that the building performs better than 75% of all similar 
buildings nationwide.  Although not mandatory by the DoD, the Air Force uses the Energy Star 
Portfolio Manager (ESPM) to benchmark the AF healthcare building inventory.  The ESPM serves 
as an online database and energy management tool useful in tracking energy consumption across all 
healthcare facilities.  According to a 2011 Annual Report from the U.S EPA, the ESPM has 
experienced national adoption especially for large building owners noting that in 2010 more than 
260,000 buildings representing 28 billion ft2 of floor space have been evaluated using this rating 
program (US Environmental Protection Agency 2011).  To this end, 15% of the Air Force 
healthcare facility inventory is required to obtain an Energy Star Rating of 75 or above by 2015 with 
projected plans towards 100% compliance.  While no specific date is clearly listed for meeting the 
100% Energy Star Rating compliance, the Air Force Health Facilities Division who operates, 
maintains and modernizes all healthcare facilities continues to move forward.     
1.2.3 U.S. Air Force Healthcare Facilities 
Air Force Healthcare Facilities have been in operation since the early 1950’s.  Many of those 
facilities are still in operation today and continue to provide patient care for thousands of active duty 
military members, their dependents and retirees.  The departments within the Air Force in charge of 
planning, design, construction (PDC), operations & maintenance (O&M), modernization and 
sustainment (SRM) of healthcare facilities fall under the Air Force Surgeon General’s Office.  The 
agency responsible for worldwide medical support is the Air Force Medical Support Agency 
(AFMSA). Under this agency is the Health Facilities Division which branches into the PDC, O&M, 
and SRM departments.  Each with its unique function provides support for the entire AF healthcare 
building inventory. There are currently over 68 facilities encompassing 12.2 million square feet of 
building space that deliver direct patient care services in the U.S. and in other countries including 
Japan and Europe.  AF healthcare building design has evolved since the 1950’s syncing with the U.S. 
healthcare industry.  Striving to meet code compliance, patient safety, and promoting the best 
healing environment, healthcare facilities continue to transform into even more sophisticated 
complex buildings.  Today, there are numerous opportunities for new buildings to achieve state-of-
the-art capabilities, but for existing buildings those possibilities become very limited.  For the AF 
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healthcare building inventory which has been in existence since the 1950’s those limitations become 
increasingly evident.  Many building systems including structural, building envelope, lighting, 
electrical, medical gases and HVAC, reach their life expectancy and require extensive repairs. Figure 
1.3 shows the mix of hospital and clinics according to building age.   
Figure 1.3:  Air Force Healthcare Building Inventory Age (Source: HFD) 
 
Surprisingly, over 60% of the buildings are from the 1950’s and 1960’s with a majority functioning 
as outpatient clinics.  The historical trend shows a construction boom during the inception of the 
Air Force in 1947 and a steady decline in new construction towards the 1980’s and the present.  In 
addition, trends in patient care services related to mission changes triggered extensive renovations as 
inpatient hospitals were gradually converted into acute care outpatient clinics with no surgery or 
emergency services.  In fact, 43% of the facilities downsized into clinics are still functioning using 
existing hospital infrastructure that would be considered oversized for outpatient type services.  The 
remaining 57% of the building inventory operates as designed - inpatient or outpatient.  
 
An aging building inventory coupled with military mission changes and the need more complex 
building systems have left a legacy of challenges.  Faced with stringent energy reduction goals and 
despite rigorous efforts to meet these targets, an analysis of the entire healthcare inventory’s current 
building energy performance reveals only a 15% decrease has been achieved from the 2009 baseline 
levels.  Figure 1.4 illustrates the site energy use intensity reductions (%) from baseline levels for 68 
healthcare buildings categorized by clinics and hospitals.  According to the initial analysis, hospitals 
experience 16% reductions and clinics experience 14%, but collectively only a 15% EUI reduction 
has been achieved revealing a shortfall of 6% according to annual goals set in the SSSP.       
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Figure 1.4:  Air Force Healthcare Building Energy Reduction Status as of December 2012 
Source: Energy Star Portfolio Manager Database 
 
Future projections reveal the potential shortfalls.  For calculating shortfalls towards 2015, I use the 
rate of energy reductions per year from 2009 to 2012 and project to 2015.   This reveals an 
optimistic 25% compliance may be achievable, but still falls short of the 30% goal.  Thus, full 
compliance of 37.5% by 2020 may be an unreachable goal as well without significant efforts.  The 
ES Rating compliance target shows improvement.  According to the Energy Star Portfolio Manager, 
12% of existing healthcare facilities achieve an Energy Star Rating score of 75 or above, suggesting 
that 15% compliance may be achievable by 2015.  However, in comparison to CBECS median site 
energy use intensity of 67 kBtu/sf, Air Force clinics reflect significantly higher levels at 105 kBtu/sf.  
Air Force hospitals in contrast at 187 kBtu/sf fall slightly below CBECS energy use intensities at 214 
kBtu/sf – refer to Figure 1.5.  This comparison suggests that hospitals in general are performing 
well, but also reveals that more analysis is required to understand the disparity for higher EUI’s in 
clinics. 
 
Figure 1.5:  Median Site EUI Comparison of AF Healthcare Building Inventory to CBECS 
Source: Commercial Building Energy Consumption Survey 
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1.2.4 Problem Statement 
In view of current building energy performance, higher energy use intensities and projected energy 
reduction shortfalls, this thesis sets out to answer the following questions:  What energy reduction 
strategies did the Air Force use to reach the current state for its healthcare facilities?  How do we 
prioritize the building inventory and identify the key strategies required to meet energy reduction 
goals?  What are the cost implications and schedule rates required to meet targeted deadlines?   
 
1.3 Literature Review 
1.3.1 Energy Strategies for Healthcare Buildings  
Engineers, scientists, and researchers continue to develop new paths towards energy efficiency with 
advancements in technology.  Many new products, processes and strategies continue to emerge in an 
effort to seek the optimal energy efficiency solution.  Some suggest the solution to energy reduction 
for this century lies within an array of multiple applications mirrored at one time.  With various 
approaches available for energy reduction and pressing timelines, owners are faced with determining 
the best course of action for existing building inventories.  To this end, this literature review focuses 
on identifying key strategies to serve as a “toolbox” resource for building owners and includes the 
development of strategic energy management plans (SEMP), whole building retro-commissioning, 
building system retrofits (HVAC, lighting, electrical, and building envelope systems), medical 
equipment plug loads and standby loads, and the effects of occupant behavior on energy use and 
operations within existing healthcare buildings.  The literature search reveals a lack of published data 
of energy reduction strategies and retrofits for existing military healthcare buildings.  As a result, 
much of this literature review reflects data from the civilian healthcare sector that was more readily 
available.  Although extensive literature exists on more sophisticated strategies, the main objective of 
the strategies in this section intend to target key reduction opportunities considering the short 
timeframe required to meet the 2015 deadline.      
 
1.3.1.1 Strategic Energy Master Plan 
Since uncertainties within energy markets continue to fluctuate, developing a proactive strategic 
energy master plan is a crucial initial step towards energy efficiency (Lyons 2007).  A 2011 national 
survey confirms 35% of those surveyed plan to implement SEMP’s within the next two years to 
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reduce energy costs (Callan and Hendricks 2013).  Although there is no single strategy for energy 
efficiency, by establishing a strategic energy master plan owners are better equipped to understand 
energy use and assess or redirect potential savings towards mission-critical needs.   Establishing 
baselines and reduction targets, tracking energy consumption, identifying improvement 
opportunities, developing financial analysis, implementing improvements and confirming 
performance are key steps in developing a roadmap towards energy efficiency (Singer and Tschudi 
2009).   
 
 
 
 
  
 
 
 
 
 
 
 
 
Figure 1.6:  Guidelines for Strategic Energy Master Plans  
Source: The Conference Board Executive Action Series (U.S. EPA) 
4 Create Action 
Plan 
5 Implement Action 
Plan 
6 Evaluate 
Progress 
7 Recognize Achievements 
1 Make Commitment 
 
2 Assess Performance  
 
 
R
e
-A
s
s
e
s
s
 
3 Set Goals 
 
 
Step 1 
 Appoint Director 
 Establish Team 
 Institute Policy 
 
Step 2 
 Gather & track data 
 Establish baselines 
 Benchmark 
 Analyze energy use 
 Assessment & 
audits 
 
Step 3 
 Determine scope 
 Improvement potential 
estimates 
 Establish goals 
 
Step 4 
 Define technical 
targets 
 Determine 
resources 
 
Step 5 
 Create communication 
plan 
 Awareness campaign 
 Build Capacity 
 Motivate 
 Track & monitor 
 
Step 6 
 Measure results 
 Review action plan 
 
 
Step 7 
 Internal recognition 
 External recognition 
 
 
Guideline Steps  
 
21 
 
Establishing an energy plan may be an overwhelming and lengthy process. Fortunately, extensive 
information on managing energy strategically is available through government agencies such as the 
Alliance to Save Energy and Energy Star.  Many of the steps for developing a plan have been 
developed and posted online and include tools for customizing according to company needs.  For 
the less technically savvy, energy service organizations and numerous consulting firms offer 
professional expertise tailored to specific organizational requirements and goals.   
 
For large healthcare organizations an energy plan becomes the financial lifeline for confirming or 
redirecting efforts towards meeting future energy needs.  Figure 1.6 illustrates a simple roadmap for 
developing a strategic energy management plan based on proven practices from various industry 
partners.  It involves a seven step well documented process and is accessible on the Energy Star 
website (http://www.energystar.gov/index.cfm?c=guidelines.guidelines_index).  This process can 
prove to be a worthwhile investment.  For instance, Partners Healthcare Inc. develops and 
implements a tailored strategic energy master plan for their energy needs and reaps amazing results. 
Partners Healthcare, who was founded in 1994 by Brigham and Women’s Hospital and 
Massachusetts General Hospital, develops a strategic energy master plan (SEMP) in 2008 for 110 
buildings totaling over 11M square feet with utility expenditures of $80M (Messervy 2011).  The 
primary objectives of the master plan are to address the increase of energy demand and energy costs, 
their impact to climate change and sustainability improvements, and plan for volatile energy markets.  
Figure 1.7 depicts the results of various strategies Partners implements during a four year period and 
successfully realizes 28% energy reductions with investments totaling $61M yielding $16M in annual 
energy savings (Messervy 2011). 
 
Figure 1.7:  Partners Healthcare Inc. Strategic Energy Master Plan Results  
Source: Partners Healthcare Inc., SEMP 
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Observations of these results shown in Figure 1.7 signal four key targeted opportunities by Partners 
Healthcare for energy reductions: HVAC, fume hoods and lighting predominantly related to spaces 
during unoccupied periods, heat recovery and retro commissioning.  The highest reductions result 
from modifications to the HVAC system.  This report identifies that only some of the areas are 
occupied continually and also that a large majority of the spaces are used with much less frequency.  
Spaces such as surgery suites, radiology suites, outpatient areas, support areas, sterile prep areas, 
treatment rooms, procedure rooms, some laboratory spaces, and administrative areas are used for 
significant shorter durations.  As a result, the unoccupied control strategies focus on the use or 
conversion from constant volume to VAV controls, the use of variable return air volume controls 
for spaces with pressurization control requirements, reducing minimum outside air (OA) and 
ventilation requirements, modifying AHU discharge air temperature set points to reduce heat, and 
the reduction of auxiliary fan coil unit use.  According to Partners 157 retrofit projects emerge and 
after completion these efforts realize over half of the total energy reductions yielding annual utility 
savings of over $8M with a simple payback period of 3.5 years.  Modifications to AHU’s, fume 
hoods and lighting reduce energy use during unoccupied periods and account for over 75% of the 
total energy reductions.  Although building systems may differ slightly in every healthcare facility, 
these proven results serve as a testament to other healthcare organizations in the process of 
developing strategic energy master plans.  
In addition to developing a SEMP as an initial planning tool, it is noteworthy to illustrate trends of 
energy management efforts across the U.S.  A list of energy efficiency features in large hospitals 
across the U.S. is shown in Figure 1.8.  According to CBECS, nearly all of the 3,040 of the U.S. 
hospitals in the survey prioritize reduction measures for three main building systems: HVAC, 
lighting and building envelopes.  Among these building systems at least two of them show consistent 
recognitions as the highest energy users by end use - HVAC (69%) which includes space heating, 
water heating, ventilation and cooling and lighting (18%) respectively as shown in Figure 1.9.  
According to this survey, 99% of the buildings conduct regular maintenance and schedule repairs for 
HVAC systems and 76% of those use an economizer cycle, which pulls outside air into the building 
for “free cooling” during winter.  Approximately 93% of the buildings in the survey use one or more 
daylighting or lighting conservation features. Similarly, 88% of the buildings are fit with all or a 
portion of multi-layered glass window systems or best known as insulated glass.  Approximately 
90% of the buildings have been retrofitted with compact fluorescent bulbs (CFLs), and 40 percent 
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of them use light-emitting diode lights (LEDs) to light 11% and 2 % of the total lit building floor 
space in all large hospitals, respectively (US Energy Information Administration 2012).   
 
Figure 1.8:  Energy Management and Conservation Features and Behaviors in Large U.S. Hospital Buildings 
Source: U.S. Energy Information Administration, CBECS Survey, 2007 (Release Date 2012) 
 
Figure 1.9: Energy Consumption by Use in U.S. Healthcare Buildings  
Source: E Source; U.S. Energy Information Administration (2003) 
This national survey marks a significant commitment from healthcare organizations towards energy 
efficiency.  Remarkably, over half of the hospitals registered (5,724) in the United States under the 
American Hospital Association  are represented in this survey (Health Forum 2013).  This survey 
aids in setting a national precedent for other building types to follow.  For instance, it highlights a 
unified consensus among larger healthcare organizations by realizing major energy reductions 
focusing on three major building system retrofits – HVAC, lighting and building envelopes.   
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Realizing trends tend to change rapidly especially with technology advancements, I search for 
additional surveys that could detail more recent trends in healthcare efficiency strategies and find a 
more recent hospital energy management survey by the American Society of Healthcare Engineers 
(ASHE) in 2011. This survey reports the top 10 energy saving strategies in healthcare renovation 
projects.  A random sample of 4,865 hospital executives are surveyed to learn about trends in 
hospital energy management and the response rate is 691 (Callan and Hendricks 2013).  Figure 1.10 
lists the top ten energy saving strategies in this 2011 survey.  Remarkably, this national survey 
confirms similar building system targets from the 2007 CBECS with HVAC still at the forefront.  
For instance, 51% of the survey responders state they install higher efficiency HVAC equipment as 
part of their renovation projects and over 30% conduct retro-commissioning assessments.  Nearly 
20% include daylighting, 14% install high performance windows and only 8% note enhancing 
building envelope insulation.  However, the major differences from the 2007 CBECS are the 
inclusion of higher efficiency HVAC equipment, retro-commissioning, automatic controls 
(occupancy), and energy management analysis suggesting that a shift towards more complex building 
systems have been integrated into healthcare facilities during the last four years.  
 
Figure 1.10:  Top 10 Energy Saving Strategies for Healthcare Renovation Projects                                          
Source: Health Facilities Management/American Society of Healthcare Engineers Hospital Energy Management Survey 2011 
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1.3.1.2 Whole Building Retro-Commissioning 
Healthcare organizations may benefit from pairing strategic energy master plans (SEMP) with 
building assessments.  Literature search reveals that in order to fully execute a SEMP verifying a 
building’s energy performance to confirm system operations are within the intended design 
parameters is critical.  Retro-commissioning is one way to determine optimal system performance 
for existing buildings.  While retro-commissioning can be selective to particular building systems, a 
broader and comprehensive approach addresses the whole building.  For instance, whole building 
retro-commissioning includes systems such as the building envelope, HVAC, special electrical, 
plumbing and fire protection.  According to ASHRAE Guideline 1-1996, the definition of 
commissioning is noted below (ASHRAE, 1996, p. 23): 
“Commissioning is the process of ensuring systems are designed, installed, functionally 
tested, and operated in conformance with the design intent….Furthermore, the 
commissioning process encompasses and coordinates the traditionally separate functions of 
systems documentation, equipment start-up, control system calibration, testing and 
balancing, and performance testing.”  
Retro-commissioning is the same systematic process described above and applies to existing 
buildings that have not been commissioned previously.  This process ensures building systems 
operate according to design parameters as well as owner’s needs.  It is estimated that retro-
commissioning projects provide savings of 10% - 20% with an average payback of slightly over 1 
year with return on investments of over 90% (Nock and Wheelock 2010).  The method of re-
commissioning is the term for applying the commissioning process to a building that has been 
commissioned previously and is typically done every three to five years to ensure top level 
performance.  Studies have shown that even the smallest changes start to move the building out of 
its original design operating parameters, so both processes serve as a systematic forensic approach to 
quality assurance. Some researchers conclude that retro-commissioning may be one of the most 
cost-effective means of improving energy efficiency.  Other agencies further suggest that retro-
commissioning should be the first stage in any building upgrade (US Environmental Protection 
Agency 2007).  Researchers from three think tanks on building commissioning in the U.S. - 
Lawrence Berkeley National Laboratory (LBNL), Portland Energy Conservation Inc., and the 
Energy Systems Laboratory at Texas A&M University publish a report in 2004 where their analysis 
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concludes the most effective commissioning projects are typically hospitals and laboratories (E. Mills 
et al. 2004).  A sequel to this 2004 report published in 2010 further claims to have built the world’s 
largest compilation and meta-analysis database of commissioning experience in commercial 
buildings.  The database grows from 224 to 643 buildings, from 30 to 100 million square feet of 
floor space, and from $17 million to $43 million in commissioning expenditures with compelling 
results showing 16% median whole-building energy savings and simple payback periods of over 1 
year for existing buildings (Evan Mills 2010).   In this report special attention addresses the specific 
challenges and opportunities for high-tech facilities in healthcare.  Table 1.1 contains data results for 
115 high-tech facilities representing close to 19 million square feet of floor area.  Of these 115, 31 
healthcare inpatient and outpatient facilities totaling 11 million square feet benefit from retro-
commissioning services.  
 
Table 1.1: Retro-Commissioning in High-Tech Healthcare Facilities        
 Existing Buildings New Buildings Total Total 
 # ft2 # ft2 # ft2 
Cleanrooms 0 0 1 301,000 1 301,000 
Labs 50 4,561,593 18 1,965,065 68 6,526,658 
Healthcare: Inpatient 17 6,791,029 9 687,959 26 7,478,988 
Healthcare: Outpatient 14 4,319,124 4 206,300 18 4,525,424 
Total 83 15,684,633 32 3,160,324 115 18,844,957 
 
Source: LBNL-3645E Report 
 
According to this study, the highest number of deficiencies in over 80% of the existing facilities 
relates to the HVAC system and among the highest includes AHU thermal distribution systems and 
combined heating and cooling.  The highest number of measures for mitigating the deficiencies falls 
within operations and controls (55%), maintenance, and calibration of systems.  The median cost for 
delivering commissioning services for existing facilities is $.30/ft2 according to 2009 prices.  
Findings show whole building retro-commissioning realizes up to 30% energy savings with a one to 
two year simple payback period.  Additionally, findings demonstrate that energy savings via re-
commissioning tend to persist well over 3 to 5 year timeframe further suggesting the importance of 
persistent ongoing commissioning after initial re-commissioning (Evan Mills 2010).  Other case 
studies that use re-commissioning of HVAC systems with similar control deficiencies in large acute 
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hospitals include a 600,000 square foot hospital in Minneapolis realizing 23% energy savings with 
payback periods of 1-2 years (Hewett and Hancock 2002).  Similarly, Texas Shriners Children’s 
Hospital, a 40-bed, 247,775 square foot acute-care facility realizes 33% energy reductions through a 
series of HVAC retro-commissioning projects, saving over $2.6 million in utility bills from 1997 – 
2009 improving building performance benchmarked through ENERGY STAR rating from 42 
(1996) to 92 (2009) (Taddonio 2011a).   
 
1.3.1.3 Building Systems Retrofits 
Strategic energy master plans and retro-commissioning are both vital in achieving energy reductions; 
however, owners may still benefit from prescribed strategies.  Many agencies and organizations 
establish energy efficiency strategy guidelines for new and existing healthcare facilities.  The U.S. 
Department of Energy (US DOE) Hospital Energy Alliance, U.S. Department of Defense (US 
DoD), American Society of Heating, Refrigeration, and Engineering (ASHRAE), U.S. 
Environmental Protection Agency (US EPA), U.S. Green Building Council Leadership in Energy 
and Environmental Design (USGB - LEED) for Healthcare, and Green Guide for Health Care 
(GGHC) to name a few continue to make these guidelines accessible to the general public.  In fact, a 
list of best practices to improve efficiency including low cost operations and maintenance checklist 
for building owners or facility managers is accessible via the following website: 
http://www.energystar.gov/ia/business/healthcare/Low_Cost_O&M_Checklist.pdf?84d1-5301.  
Among these guidelines are simple and complex energy reduction strategies or retrofits to key 
building systems such as HVAC, electrical, lighting, and building envelopes (US Department of 
Energy 2009).  Additionally, the U.S. DOE published a fact sheet identifying key systems for quick-
payback retrofits.  According to this fact sheet, these key systems are all considered ripe as “low-
hanging fruit” opportunities for relatively simple and inexpensive retrofits.  So as facility energy 
costs continue to increase owners will be faced with scrutinizing every aspect of building operations 
and opportunities for savings – including retrofits.   
 
Along with higher energy costs, the recent economic downturn and changes in legislation increase 
levels of uncertainty among healthcare organizations.  Some estimate that this economic recession 
coupled with high costs for new healthcare construction have created a shift towards renovations.  
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Owners are now looking towards existing building retrofits to enhance energy performance.  The 
number of hospital renovations in the U.S. from 2008 through 2010 exceeded new construction by 
approximately 3 to 1 (Carpener and Hoppszallern 2011).  According to a survey by the American 
Society of Healthcare Engineers (ASHE) in 2010, renovation or expansion accounted for 73% of 
construction projects at hospitals.  Nearly two-thirds of renovation projects are less than $3 million 
according to Reed Construction Data/RS Means Business Solutions reflecting a shift to address 
urgent needs while avoiding the high cost and debt of new construction.  The survey also reports 
that a third of the 598 hospitals are in the process of replacing or upgrading HVAC systems – one of 
the building systems with the highest opportunity for energy reductions. 
     
A study by NREL demonstrates the advantages of integrated whole-building design in new buildings 
and existing building retrofits suggests that 50% energy savings are achievable in large hospitals 
(compared to ASHRAE Standard 90.1-2004) across various U.S. climate zones by implementing the 
following general key approaches (Bonnema et al. 2010).   
   
 Reducing lighting power densities 
 Installing daylighting sensors in applicable perimeter zones 
 Installing occupancy sensors in applicable zones  
 Providing a multi-zone variable air volume dedicated outdoor air system with zone-level water-
to-air heat pumps; the heat pumps should share a common condenser loop whose temperature 
is maintained through the use of a chiller and boiler  
 Providing high-efficiency chillers, boilers, and water heaters  
 Demanding controlled ventilation  
 Using more efficient pumps  
 Reducing infiltration through tighter envelope construction  
Although these results are from simulation modeling software, these suggest practical use of these 
approaches in real world applications.  However, they may not be applicable to all healthcare 
buildings and need to consider trade-offs between upfront costs and savings on an individual basis.  
Interestingly, each approach coincides with the general consensus from both CBECS and the more 
recent ASHE national surveys targeting opportunities in lighting, HVAC and building envelope 
systems.   
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Lighting systems are a significant component of healthcare building energy use.  In healthcare 
environments balancing round the clock operations, combining lighting effects on patient and staff 
and a constant vigilance for energy savings poses complex demands on building owners.  In addition 
to lighting needs, lighting systems can generate heat and increase cooling loads.  Thus, lighting 
efficiency retrofits can play an important role in reducing building consumption and according to 
recent industry efficiency standards yield major savings with relatively short payback periods.  The 
use of automated lighting systems including more efficient lamp technologies and controls may offer 
the best opportunities for higher energy savings in healthcare buildings.  Table 1.2 consolidates a list 
of lighting strategy opportunities, descriptions, energy savings and payback periods for existing 
healthcare buildings.   
Table 1.2: Lighting Energy Saving Strategies 
Strategy Description Average  
Energy Savings 
Source: 
 
Lighting & ballast upgrade  
 
- Replace incandescent and T12’s 
  with T8’s 
 
- Replace magnetic ballasts with  
  electronic ballasts 
 
20% - 30% 
(SPP = 2.5-5 
years) 
 
(US Department 
of Energy 2009) 
 
LED exit sign upgrade 
 
Replace typical 36W with 5W 
 
60% - 75% 
electricity savings 
compared to CFL 
(SPP = 1 -2 years) 
 
(Taddonio 2011b) 
Automatic Controls: 
 
   Occupancy sensors  
 
   Daylighting sensors  
 
   Scheduling timed switches 
 
 
 
- Occupancy: on/off/dimming  
  capability according to occupancy  
 
- Daylighting harvesting: off/dimming 
  capability in response to daylight 
 
- Scheduling timed switches: on/off 
  capability according to occupancy 
  schedules 
 
 
15% - 90%  
(depending on 
space type) 
(SPP = 2-3 years) 
 
(EnergyStar.gov) 
 
 
A hospital in Leonardtown, Maryland, St. Mary’s Hospital, is a 103-bed hospital with emergency 
acute inpatient and outpatient services who replaces magnetic ballasts with electronic ballasts and 
T12 fluorescent lamps with T8’s.  As a result, the hospital achieves $20,760 in annual savings with a 
payback period of 4.5 years(Taddonio 2011b).  Studies suggest lighting retrofits in medium sized 
hospitals can yield up to 30% energy savings (Lee 2000).  More recent statistics indicate lighting 
upgrades may offer savings ranging from 40 to 60% (FacilitiesNet 2010).    
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Adopting other high tech lighting strategy solutions can also prove to be effective.   While many 
healthcare facilities embrace campaigns training staff to turn off lights in unoccupied spaces, the use 
of lighting sensors and controls can substantially reduce lighting energy.  Lighting control systems 
provide the ability to automatically power devices based on chronological time, astronomical time, 
occupancy, daylighting, alarm conditions or program logics.  Implementing daylighting along with 
best practices may provide hospitals even higher energy savings without affecting patient care 
(Taddonio 2011b).   There are some lighting best practices that suggest hospital lighting needs may 
be satisfied with much lower energy use as well (Singer and Tschudi 2010).  Incorporating 
daylighting, dimming and occupancy motion sensor controls in patient, public and infrequently used 
spaces can significantly reduce energy use.  Some studies estimate that only about 1% of buildings in 
the U.S. use lighting control systems as a way of reducing energy suggesting this as an overlooked 
strategy.   
Manufacturers today offer various forms of lighting controls and range from occupancy sensors, 
daylight sensors, clock switches, dimming devices, and centralized controls.  According to statistics 
from the National Electrical Manufacturers Association (NEMA), energy savings from the use of 
advanced lighting controls may reach up to 80% (FacilitiesNet 2010).   Case studies from Encelium, 
who is known as one of the top companies with the first addressable lighting control system for 
energy management, reports energy consumption reductions of 50% and 74% at two hospitals in 
Canada and Pennsylvania with the installation of advanced lighting energy control systems 
(Encelium 2012).  The retrofits consist of upgrades to electronic dimming ballasts, high performance 
lamps, installations of occupancy sensors, photo sensors, task tuning, daylighting harvesting and load 
shedding (Haines 2005).   Encelium reports annual savings of $38,938 and $47,000 respectively with 
simple payback periods of 4 years (Johnson 2009). 
Regardless of size, a healthcare’s building heating, ventilation, and air-conditioning systems (HVAC) 
represent a large share of energy use and costs.  They are unique and are comparable only to other 
hospitals in terms of energy use.  These building types contain many different types of environments 
including public areas, sterilization facilities, soiled laundry rooms, operating rooms, intensive-care 
units, and neonatal care units.  An HVAC system and associated control system are the primary 
means of keeping contaminants in one part of a building from entering another.  These systems are 
complex and their designs work within stringent requirements to maintain positive or negative 
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pressures typically for operating rooms or airborne-infection-isolation environments, outdoor air 
ventilation in soil or autopsy rooms, regulating temperatures in nursery-suites or pediatric surgery 
units, and relative humidity levels for burn-patient treatment rooms.  Daniel Koenigshofer, a senior 
member of ASHE and considered an expert in healthcare design states in an interview on hospital 
HVAC energy efficient strategies, “systems must be reliable, they must perform well, they must have 
relatively low maintenance costs and be energy efficient – in that order (Koenigshofer 2013).”  
Ultimately, the intent of the system is to support medical functions and the assurance of occupant 
health, comfort and safety.  
Earlier sections note that numerous agencies recommend guidelines “not recipes” for building 
owners to use in assessing building performance and implementing energy reduction retrofits.  As a 
general measure, proper preventive and routine maintenance for HVAC systems are typical tasks for 
facilities and are not discussed in detail.  However, the most typical include filter changes, coil 
cleaning, bearing lubrication, and belt checks.  Other key tasks include verifying occupancy 
schedules, checking accuracy of thermostats, checking outside air dampers, calibrating CO2 sensors, 
checking accuracy of relative humidity sensors and checking return air temperature and economizer 
controllers (Anderson 2012).  In an effort to consolidate extensive data available from various 
sources, a list of key energy management strategies, best practices, and HVAC system retrofits for 
existing healthcare buildings is noted in Table 1.3.  The list although not exhaustive contains some 
of the most recent strategies and best practices in use today. 
Table 1.3: HVAC Energy Saving Strategies 
Strategy Description Average  
Energy Savings 
Source 
 
Upgrade or Replace Building 
Control & Automation Systems 
(BAS) 
 
Zone scheduling: HVAC loads reduced or 
shut down per schedule 
 
Night/Unoccupied setbacks: reducing 
heating/cooling demand during 
unoccupied hours 
 
Occupancy Sensors: detect motion or 
infrared signatures to trigger HVAC 
operation 
 
Optimum start: Starts HVAC equipment 
only as required to bring setpoints to 
occupancy comfort levels – accounts for 
outside air temp & inside air temp 
 
5%-50% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Tour Andover 
Controls 2006); 
(Callan and 
Hendricks 
2013); 
(Anderson 
2012) 
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Optimum stop: determines earliest 
possible time to initiate setback temps 
prior to unoccupied periods - “coasting” 
 
Demand Ventilation: CO2 levels in 
occupied spaces used to indicate number 
of occupants – reduces outside air 
requirements 
 
Variable Air Volume (VAV) Supply Air 
Temperature Reset (SAT): SAT at AHU’s 
reset upwards when full cooling is not 
required; SAT setpoint increased on 
cooler days – minimizes mechanical 
cooling & optimizes use of economizers 
 
Chiller Optimization:  chilled water loop 
temperature raised as the cooling 
requirements for the building are reduced, 
increasing chiller efficiency - “load reset” 
raises the chilled water temperature 
setpoint until one of the chilled water 
valves is 100% open.  
 
Hot Water Reset: hot water system temps 
reset based on outside air temp, 
decreasing heat losses in supply piping - 
saves energy  
 
Variable Frequency Drives (VFD’s): 
optimize the power consumed by HVAC 
fans, speeding up or slowing down the fan 
based on climate demands of the space 
under control  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
35-50% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Piper 2009) 
Upgrade central heating/cooling 
system 
Chillers: Upgrade from reciprocating to 
screw or centrifugal compressors with 
variable speed drives – higher efficiency 
chillers 
Boilers: Upgrade to higher efficiency 
boilers  
Varies (Callan and 
Hendricks 
2013) 
Upgrade distributed 
heating/cooling systems 
 Varies (Callan and 
Hendricks 
2013) 
Setpoints General: 
Heating: 68-72 degrees F 
Cooling: 75-78 degrees F 
General rule of 
thumb: 1 degree F 
difference saves 1-
3% in energy 
(Anderson 
2012) 
Utilize Economizer Free cooling using outside air to cool 
indoor space as climate permits; dry bulb 
(temperature based) or wet bulb (enthalpy 
based) 
20-30% (Anderson 
2012) 
Heat Recovery Collection and re-use of heat:  Heat 
recovery chillers (exchangers installed in 
5-14% (Messervy 2011) 
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refrigeration system to reclaim heat from 
system before it is discharged from 
chiller) 
Others:  
Boilers = flue economizers or pre-heat 
combustion air 
Ventilation = Plate-heat exchanger or run 
around coil 
Automated Fault Detection & 
Diagnostics (AFFD) 
Software platform that enables automatic 
diagnosis of HVAC systems “Lean 
HVAC” 
20-40% (Liu 2012) 
 
From the list of options in Table 1.3, the BAS indicates the greatest number of opportunities 
showing ten fine tuning adjustments to HVAC equipment ranging from setpoints to variable 
frequency drives generally done at low cost and yielding 5-50% energy savings within this specific 
part of the system.  Thus, the next step involves understanding healthcare industry trend use of BAS 
controls.  Figure 1.11 lists the top 10 BAS controls in use according to the ASHE survey of 2011.  
An overwhelming 76% of the hospitals who respond state BAS controls use occurs extensively in air 
handling unit systems and variable-frequency drives on pumps and fans (Callan and Hendricks 
2013).  Even more striking is the fact that eight of the ten system components relate to HVAC and 
the use of occupancy sensors and exterior lighting controls rank last.    
Figure 1.11:  Top 10 Building Automation System controls in Use 
Source: Health Facilities Management/American Society of Healthcare Engineers Hospital Energy Management Survey 2011 
0% 10% 20% 30% 40% 50% 60% 70% 80%
Exterior lighting
Occupancy sensors
Humidity
Night/Unoccupied setback for HVAC
Hot water systems
Boilers
Fan/pump speed
Chiller plant optimization
Variable-Frequency Drives on pumps/fans
Air Handlers
Percent of Survey Responders 
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Further analysis of Partners Healthcare’s plan reveals that nearly 23% of energy reductions include 
integration of various HVAC strategies from Figure 1.11.  A majority of the reductions are a result 
of AHU System VAV and unoccupied controls which contribute to 157 projects with annual savings 
of over $8 million and a simple payback period of 3.5 years.  Some of the strategies include adding 
new variable frequency controllers for supply and return fans, new return or exhaust air flow 
controls for spaces with pressurization control requirements, new controls to bring back the space 
to occupied conditions and modifying AHU discharge air temperature set-point in unoccupied times 
to reduce heat (Messervy 2011).  Other large organizations such as the Cleveland Clinic main 
campus built in 2008 realize $4.3 million in energy cost savings from 2008 to 2011 and over 20% in 
energy reductions by right-sizing air handlers and introducing variable speed drives and pumps to 
allow optimal operations (US Department of Energy 2012). 
The building envelope is a major factor to consider in building performance.  It is the area that 
interfaces between the building’s interior and exterior.  Generally, energy performance often focuses 
on improving efficiency of the HVAC system, however optimizing HVAC depends much on the 
thermal properties of a buildings outer shell.  Improvements to windows, walls and roofs reduce 
energy and cost as well.  For any facility, reducing outside air infiltration into the building by 
improving building envelope tightness is critical.  It is estimated on average, air infiltration through 
walls account for 21% of total heat loss during heating months (Waide, Amann, and Hinge 2009).  
Windows are also a major factor to consider.  Today, high performance and spectrally selective 
glazing is becoming more common thus allowing for more daylighting techniques which can reduce 
electricity needs.  Exterior and interior shading devices can assist with heat gains during the summer 
and work best on south and west facing windows.  White roofs or cool roofs have become more 
popular as well, but their use and relationship to energy savings are dependent on climate 
conditions.  Although insulation upgrades in walls or roofs are known to save considerable energy, 
these upgrades typically occur during major renovations.  To upgrade or add insulation in the wall 
cavity generally requires costly removal of interior substrates and finishes or exterior veneers.  
Adding roof insulation also requires significant work with the removal of the existing roofing 
system.  Blown insulation installation to underside of decks requires access to interior spaces which 
impacts daily operations by the removal of interior ceilings, therefore, the best time is during major 
renovations.  Table 1.4 lists common energy saving strategies available for building envelopes with 
descriptions and associate average energy savings. 
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Table 1.4: Building Envelope Energy Saving Strategies 
Strategy Description Average  
Energy Savings 
Source: 
Upgrade roofing insulation Adding roofing insulation above 
minimum code standards including 
climate zones according to ASHRAE 
90.1 (2007, 2010) 
5-20% (Loftness, et al. 
2012); (Palmer 
et al. 2010) 
White or Cool roof Roofing system with high reflectance 
and higher infrared emittance – 
reduces heat transfer to building & 
releases absorbed heat faster  
10-40% 
(depending on 
building 
characteristics and 
climate) 
(Synnefa and 
Santamouris 
2012) 
Window upgrades High performance:  
Double-glazed insulated Low E 
coating  
15% (Palmer et al. 
2010) 
Shading devices Installation of shading devices 
(internal and external) on south and 
west facing windows 
10-25% (Loftness, et al. 
2012) 
 
In general, the lists although not exhaustive in Tables 1.2, 1.3 and 1.4 provide key energy reduction 
strategies or retrofits for existing healthcare buildings.  Each separate building system provides 
unique opportunities for energy savings, but most importantly collectively yield even greater results.  
For instance, Rush Oak Park Hospital in Illinois realizes 30% energy savings using similar strategies 
over a 2 year period.  In an effort to reduce energy, the hospital replaces existing bulbs with higher 
efficient fluorescent bulbs (T8), educates staff to stagger equipment turn-on to prevent energy peak, 
starts chillers prior to peak times, and sets building control system to shut down air handling units in 
non-patient areas after hours and weekends(Taddonio 2011c).   
Also, recommendations from the ASHRAE Advanced Energy Design Guide for Small Hospitals 
and Healthcare Facilities provides design guidance for achieving 30% energy savings.  Although 
these guidelines focus on new construction, they also help building owners and facility managers 
when planning major renovations.  In addition to hardcopy design guide manuals, free online user-
friendly software is available that helps with simple building energy calculations.  One in particular is 
the MIT Design Advisor which allows the user or in this case building operators and owners to 
evaluate various design options with simulation calculations when planning energy retrofits.  These 
tools have preselected materials with associated energy performance metrics and are able to provide 
preliminary estimates on building energy use and savings. 
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1.3.1.4 Medical equipment Plug Loads and Standby Loads 
  
Electrical plug loads and standby loads from medical equipment are another strategy that can serve 
to reduce energy.  Limited studies are available that validate the impact of medical equipment energy 
use in healthcare buildings, therefore limiting our understanding of energy reduction potential 
opportunities.  Some studies even suggest that plug load reduction may be the next big hurdle for 
reaching Net Zero targets (Kaneda, Jacobson, and Rumsey 2010).  Plug loads represent 
approximately 6 to 18 percent of total site energy consumption in hospitals and standby power 
consumes up to 5 percent of an electrical plug load (Taddonio 2011d).  A reduction of plug loads 
will generate less heat and the HVAC system will consequently have fewer loads, further reducing 
energy consumption.  Recent studies attempt to decompose plug loads for medical equipment use, 
but encounter specific challenges with testing methods and medical staff participation rendering the 
results inconclusive (Black et al. 2011).  To aid in this quest, I conduct a case study to analyze 
medical equipment plug loads and standby loads at a 50,000 square foot military Air Force 
healthcare clinic in 2012.  The results indicate electrical plug loads represent 9% of the annual 
building electricity use and standby power consumes 7% of the electrical plug loads.  Although the 
results for standby power do not appear to be significant, the potential for large scale deployment 
within 68 Air Force facilities reveals impressive annual savings potentials equaling over $250,000.  
Additionally, further calculations indicate persistent user participation within a 4 year period could 
realize nearly $1 million in facility energy savings throughout the Air Force Medical Service advising 
more in-depth studies will be necessary to fully capture energy reduction potentials.    
1.3.1.5 Occupant Behavior  
Occupant behavior impact to building energy use is generally difficult to quantify.  However, 
research shows that occupant behavior can have a significant impact to a building’s overall energy 
use and explains users seldom recognize their direct effects.  Or do they?  One idea supposes that 
occupant behavior is holding us back from reaching building performance goals – not funding or 
awareness – just behavior.  A sensitivity analysis by the New Buildings Institute compares the impact 
of tenant behavior on building energy performance and notes that mismanaged occupant and 
operations effects together increase building energy use from 80-140% or conversely reduce energy 
use by about 30% (Heller, Heater, and Frankel 2011).   
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A novel survey researching efforts of energy saving and user activity finds that energy-unaware 
behavior can add one-third to a building’s designed energy performance (Nguyen and Aiello 2010).  
However, programs encouraging changes in occupant behavior for healthcare workplaces show 
promising results.  The University Health Network, which is a medical center consisting of three 
teaching hospitals including the Toronto Western Hospital, conducts an energy initiative campaign 
awareness where social media, face-to-face kick-off and follow-up meetings, and marketing strategies 
prove to be key factors to the success of energy behavior initiatives reducing building energy use by 
4.2% (Bin 2012).  
Although more research is needed to fully understand the impact occupant behavior has on building 
energy use, it is clear that the right energy efficiency mindset can have a significant impact on energy 
use.  Alternatively, the lack of interest or energy-unaware occupant behavior can adversely affect a 
building’s performance.  At a minimum if the potential for significant impacts to building energy use 
exist, then occupant behavior should be considered as a viable solution and added to the list of key 
strategies.       
In summary, this literature search reveals that there is no “single energy efficiency recipe” for 
existing healthcare buildings.  Each strategy offers its unique opportunities and challenges.  Analysis 
in this chapter reveals state-of-the-art energy efficiency strategies in use today, but yet we oddly still 
face energy reduction shortfalls, continue to search for the ideal solution or set of solutions and face 
even greater challenges with projections of energy increases in the future.  So we must ask ourselves, 
what is the answer?  Recent trends reveal that HVAC represents the “lowest hanging fruit”, but its 
implementation is dependent on time, funding and need.  Additionally, it is ironic to think that the 
most sophisticated system with the highest capability and flexibility for fine tuning also consumes 
the highest energy.  Thus, its complexity serves as the weakest link, but offers the highest energy 
reductions as well.  However, one thing is abundantly clear.  In order to reach energy reduction 
targets, we need a comprehensive plan in place that leverages state-of-the-art technologies leaving us 
with finding the Air Force’s state-of the-art efficiency strategy and specific plan for meeting the 30% 
energy intensity targets by 2015.            
 
 
38 
 
Chapter 2 
2 Air Force Health Facilities Division Energy Reduction Strategies  
The Air Force’s vision towards energy is to “Make Energy A Consideration In All We Do.” To 
address this responsibility, the Air Force has a three-point strategy that balances demand-side energy 
efficiency measures with a long-term commitment to supply-side alternative energy sources: Reduce 
Demand, Increase Supply, and Culture Change (US Air Force 2007).  The Health Facilities Division 
(HFD) under the Air Force Medical Support Agency (AFMSA) embraces this strategy by focusing 
on reducing demand and changing the culture within the AF healthcare facility community.  This 
Division has been steadily laying the groundwork in order to meet federal energy reduction targets 
for existing healthcare buildings over a four year period (2009 to 2012).  Their efforts successfully 
contribute to the 15% energy use intensity reductions across the building inventory which includes 
54 hospitals and 14 clinics, but their efforts continue.  Despite economic and prioritizing challenges 
they continue to strive towards formulating optimal and proven energy reduction strategies in order 
to meet the 30% EUI reductions by 2015.  This chapter aims to document the state-of-the-art 
energy efficiency process and answers what energy reduction strategies the Air Force HFD uses to 
reach the current condition for healthcare facilities?       
2.1 Overview  
Air Force healthcare buildings in operation today meet the same building codes, guidelines, and 
standards from the civilian sector.  Highly reputable Architectural and Engineering (A/E) firms and 
general contractors with many years of experience in the healthcare industry design and construct 
them.  However, in addition to code compliance there a number of specific mandatory standards for 
military construction under the Unified Facilities Criteria (UFC) documents.  These documents 
provide planning, design, construction, sustainment, restoration, and modernization principles 
typically related to the various disciplines and are accessible for public use in electronic media from 
the Whole Building Design Guide web site http://dod.wbdg/org/.  Among those is UFC 4-510-01 
which is the Design Manual for Medical Military Facilities.  This UFC provides policies and 
procedures for programming, planning, design, and construction throughout the lifecycle of military 
medical facilities and is applicable to new and existing buildings.   
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As noted in chapter 1, some of the current building inventory dates back to the 1950’s.  Many of the 
older facilities have undergone extensive renovations or modernizations during their lifetime and 
more recent facilities receive upgrades to meet mission objectives or to keep up with technological 
advancements.  Every effort aims to improve patient care and building performance and according 
to current results - it has.  So what was the HFD strategic plan?  As I continue to analyze their 
efforts, I realize the HFD informally fulfills the guideline steps in the SEMP.  The HFD appoints an 
energy team (Step 1), establishes facility baselines, benchmarking and conducts energy assessments 
(Step 2), establishes improvement goals (Step 3), defines technical targets (Step 4), performs ongoing 
tracking and monitoring (Step 5), measures results (Step 6), and recognizes personnel for exemplary 
achievements (Step 7).  This leads to questioning the energy reduction shortfalls?  The HFD’s basic 
approach for addressing an aging building inventory focuses on Patient Safety, Mission Continuity, 
Code Compliance, Energy Efficiency and Aesthetics.  Not surprisingly, this approach allows for the 
best opportunities to provide patient care first.  However, by prioritizing facilities in this order it is 
clear that energy efficiency is not among the highest priorities and is often value engineered when 
funding is limited.  With a motto that encourages to do more with less, energy efficiency can become 
a constant challenge.  Despite this, the HFD continues to actively engage in finding creative and 
resourceful ways in accomplishing the mission.      
2.2 Methodology  
To determine what strategies the Air Force HFD uses to achieve 15% EUI reductions I conduct 
extensive interviews with various departments within the HFD, evaluate case studies and confirm 
current building energy use intensities with the Energy Star Portfolio Manager Database.  The intent 
is to compare how each of the 68 healthcare facilities relates to the 30% energy use intensity 
reduction targets, measure and verify retrofit impacts, establish and highlight common metrics, 
identify challenges and document lessons learned.   
2.2.1 ENERGY STAR Portfolio Manager database 
 
The ENERGY STAR Portfolio Manager database (ESPM) is an interactive energy management tool 
that allows the tracking and assessing of energy and water consumption across an entire portfolio of 
buildings.  In this case, the Air Force HFD uses this tool to establish building inventory baselines, 
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benchmarking and track energy use.  Therefore, all utility data sets including electricity and natural 
gas use are extracted from this database and assumed to be reliable and accurate. 
2.2.2 Interviews & Data collection 
I conduct interviews with the Planning, Design and Construction (PDC), Engineering Division and 
Sustainment, Restoration and Modernization (SRM) departments.  To understand the general scope 
and timeline of each retrofit improvement, I collect and evaluate retrofit and renovation data from 
each department.  As a verification tool, I then use this data to evaluate energy reductions with 
monthly and annual utility consumption.    
2.2.3 Case Studies  
This paper collects five Whole Building Retro-Commissioning (WBRC) and Engineering Analysis 
(EA) case study report assessments from the HFD.  The WBRC reports are useful to understand 
how this process serves as a whole building diagnostic tool and a resource planning tool.  These 
reports include measures to remedy the deficiencies along with energy savings and in some cases 
simple payback periods.  As part of the investigation I analyze and compare them in order to assess 
the common deficiencies and the types of deficiencies found across Air Force healthcare buildings.  
Additionally, I compare potential energy savings with actual retrofit work by the HFD.  
In order to evaluate the impact of building system retrofits, I collect and analyze utility data from the 
Energy Star Portfolio Manager Database for five healthcare facilities using them as case studies to 
compare “before and after” results.  Also, I conduct an on-site visit to a 165,000 square foot medical 
clinic in order to confirm actual scope of work with the HFD Engineering Department and validate 
utility data results with the facility manager.         
2.3 Current Energy Reduction Efforts  
2.3.1 Introduction 
The initial analysis reveals that the HFD targets buildings system areas that have shown the greatest 
opportunity for energy reductions.  They adopt HVAC as their primary strategy followed by 
electrical, building envelope and lighting.  To evaluate these efforts one of the first tasks involves 
understanding the current energy use intensity status and its comparison to baseline levels set in 
2009 for each of the 68 facilities.  With the use of the ESPM database, I extract baseline and current 
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EUI’s including site energy use totals and the results are shown in Figures 2.1 through 2.3.  This 
provides the building energy performance from 2009 and a current snapshot at the end of 2012.  
The official ESPM baseline is set in late December 2008, but for this analysis January 2009 is set as 
the baseline level.  The baseline establishes the Air Force’s building energy benchmarking and marks 
the energy use intensities from January 2009 as the starting reference point for all 68 healthcare 
buildings.  To facilitate showing each building’s EUI data, clinics and hospitals are shown separately.  
To further facilitate showing the data, a separate category labeled Clinics in Hospital Chassis (CHC) 
is shown in Figure 2.2 since many of the clinics today are operating within hospital framework 
chassis designs. 
 
Figure 2.1:  Air Force Hospital Baselines (2009) and Current (as of 12/2012) EUI’s 
Source: Energy Star Portfolio Manager Database  
 
 
Figure 2.2:  Air Force Clinics in Hospital Chassis Baselines (2009) and Current (as of 12/2012) EUI’s 
Source: Energy Star Portfolio Manager Database  
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Figure 2.3:  Air Force Clinics (2009) and Current (as of 12/2012) EUI’s 
Source: Energy Star Portfolio Manager Database  
  
Figure 2.1 shows the baseline and current EUI’s for each of the 14 Air Force hospitals in operation.  
Since 2009 hospitals steadily reduce EUI’s by approximately 16% overall, however, a majority of the 
reductions are from one of the largest hospitals in the AF shown as H1.  The EUI reduction for this 
facility is 47% due to ongoing renovations downsizing from a hospital to an ambulatory care center.  
Realizing this single facility seems to skew the overall efforts, a second calculation omitting this 
facility shows only a 3% overall EUI reduction for 13 hospitals.  Remarkably, still most of the 
hospitals’ current energy performance falls within the CBECS energy use intensity (214 kBTU/SF) 
range except for four.  Similarly, Figure 2.2 shows the baseline and current EUI’s for each of the 29 
Air Force Clinics in Hospital Chassis in operation today.  Estimates show 15% EUI reductions from 
baseline levels.  The 25 clinics shown in Figure 2.3 experience a 14% EUI reduction since 2009.  
Interestingly, a comparison including the current EUI’s from these two clinic categories to CBECS’s 
energy use intensities (67 kBTU/SF) reveals that a majority of these buildings are operating at 
significantly higher energy intensities suggesting the need for a more detailed view.  As a result, the 
HFD targets clinics and hospitals experiencing significantly higher energy intensities.  The following 
objective involves understanding prioritization of retrofit work and the contribution from each 
building system to the overall 15% energy reductions.  It is important to document these findings as 
this would help to shape the remaining case study analysis.               
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As I continue to interview and gather data, it becomes increasingly evident that HVAC would be on 
the top of the list and it is.  Figure 2.4 shows the ranking prioritizing categories across the entire AF 
healthcare building inventory and the breakdown of the various building system targets over the past 
four years.  Interestingly, energy efficiency ranks fourth at 15% confirming that only 15% of funding 
and retrofit efforts are spent in energy efficiency.  As noted earlier, HVAC represents a significant 
contributor of energy use in healthcare buildings so the HFD considers this as the “lowest hanging 
fruit” with the highest potential.  Figure 2.5 shows that HVAC contributes to an astounding 90% of 
the total reductions and their strategy shows consistency with current national healthcare retrofit 
trends across the U.S.  However, a series of additional questions arise: 1) what are the typical energy 
efficiency standards or protocols for each building system and 2) what method(s) diagnoses system 
needs or deficiencies? 
 
 
Figure 2.4: HFD Overall Prioritization Strategy 
Source: HFD  
 
 
Figure 2.5: HFD Overall Energy Efficiency Breakdown per Building System 
Source: HFD  
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2.3.2 Key Energy Efficiency Strategies 
To answer the first question, I conduct a series of interviews with various departments and collect 
technical data from UFC documentation.  As a result, a “toolbox” list of key energy efficiency 
strategies from the HFD categorized per building system are shown in Table 2.1. This list provides 
general descriptions, does not include energy savings and is not shown in order of importance. It 
consolidates key strategies and serves as a one stop resource.  Evaluations of energy reduction 
impacts from case studies are shown later in this chapter.  
 
 Table 2.1: HFD Key Energy Efficiency Strategies 
 
Building System Strategy Description 
Lighting Reduce lighting power densities Reduce general space densities by 10%   
 Lighting upgrade Replace T12’s with T8’s or T5’s 
 Ballast upgrade Replace magnetic ballasts with electronic ballasts. 
 LED exit sign upgrade Replace typical 35W with 5W 
 Occupancy sensors 
 
Occupancy: on/off/dimming capability according 
to occupancy 
 Daylighting sensors Daylighting harvesting: off/dimming 
capability in response to daylight (only 
implemented in heavy renovations) 
 
 Scheduling timed switches 
 
Scheduling timed switches: on/off capability 
according to occupancy schedules 
 
 Energy Management System Stand-alone system not integrated with HVAC 
Electrical Digitally controlled transformers Reduces heat generated from transformers 
Building Envelope Upgrade window glazing systems Double-glazed insulated (U-Value = .25 Btu/h 
degree F sq. ft) 
 Increase roofing insulation According to ASHRAE (AEDG 30%) & range 
from R Value = 25 -35 
 Use of “white roofs or cool roofs” Standard protocol for any re-roof replacements 
(assessment by Building Envelope expert) Roof 
reflectance = .70  
 Reduce Infiltration Address excess infiltration typically at main 
entrance vestibules 
Other Whole Building Retro-Commissioning Used to identify building deficiencies and 
potential measures due to abnormal energy 
performance  
 Energy tracking & assessments Energy Star Portfolio Manager & in house audits 
 Advanced metering Installed at all healthcare facilities for tracking 
utility data 
 Recognition AFMSA/HFD conducts formal recognition 
ceremonies to facilities earning ES Rating (75) 
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Table 2.1: HFD Key Energy Efficiency Strategies, cont.,  
 
Building System Strategy Description 
HVAC Building Pressure Control Maintaining positive building pressure in an effort 
to reduce infiltration rates  
 Economizers Measure outside air temp & determining enthalpy 
of outside air to return air  
Air side: free cooling (low to moderate humidity 
regions) 
Water side: substituting mechanical chiller w/heat 
exchanger 
 
 Conversion from steam to direct gas 
fired for generating hot water 
Involves splitting reheat – pre heat and perimeter 
heating systems with setpoint reset based on 
outside temperatures 
 Conversion from multi-zone to variable 
air volume 
From constant air volume to variable air by 
measuring CO2 levels and controlling building 
pressure with controls  
 Demand Ventilation Measurement of control of CO2 sensors to aid in 
reducing outside air requirements 
 Upgrade, replacement & Calibration of 
Building Automated Systems (BAS) 
Typically used to control: 
Zone scheduling, setbacks, setpoints, demand 
ventilation, optimum start and stop operations, 
variable air volume supply air temperature resets, 
chiller optimization or load reset, hot water reset, 
variable frequency drives, chilled and heating 
water pumps based on a differential pressure 
measured at the highest and furthest point in the 
hydronic system, building pressure control, VAV 
air supply based on critical zone loading - VAV 
damper positions to determine which is the critical 
load and reset AHU fan speed, cooling tower fan 
speed - optimizes fan energy usage based on 
condenser temps, determination of air, water or 
both economizers, lighting control, security 
systems   
 Establishing Temperature Setpoints General spaces/non-critical care: 
Summer: 75-78 degrees F 
Winter: 68-70 degrees F 
 Establishing Temperature Setbacks Night & Weekend: 
Summer: 85 degrees F 
Winter: 58 degrees F 
 Chiller replacement Upgrade to higher efficiency chillers: replace 
reciprocating to screw or centrifugal compressors 
with variable speed drives 
 Hydronic heating water boilers Upgrade to higher efficiency gas fired low NOx 
boilers 
 Loop Conversions Conversions from PCV to P/S or P/S to PVV 
including pump replacements 
 Variable Frequency Drives (VFD) Install VFD combined with motor replacement 
with NEMA premium efficiency 
 Test & Balance Air and water system testing and balance as 
required 
 Retro-Commissioning Conducted as required to identify HVAC system 
deficiencies 
Source: HFD/UFC 4-510-01 
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The lighting strategy lists are consistent with those from the literature review and are standard 
protocols in any Air Force healthcare building renovation.  The controls for lighting are typically 
stand-alone systems without integration to HVAC system controls.  
  
The HVAC systems are significantly more difficult to upgrade due to their complexities which have 
increased steadily over the last 15 years.  Remarkably, with DDC controls and other automated 
building functions, even the simplest VAV systems contain components from multiple 
manufacturers, involve installation by multiple manufacturers that must program and sequence them 
to work together seamlessly.  Additionally, beginning in 2013, as states adopt the 2012 International 
Energy Conservation Code (IECC), the complexity of HVAC systems may increase yet again.  For 
instance, in most cases major renovations will be required to design and build with new technologies 
including demand-controlled ventilation, energy-recovery ventilation, daylight-harvesting controls 
and economizer cycles.  With these requirements, aging HVAC systems and their impact on patient 
care it is no wonder HVAC systems continue to receive the most attention.  According to a national 
magazine, the top 3 standard measures to optimizing any HVAC system are implementing or 
optimizing airside dry-bulb/enthalpy economizer controls, reducing outside air ventilation 
requirements to ASHRAE 62.1 levels, and reducing static pressure set points (Callan and Hendricks 
2013).  Remarkably, these reflect some of the top strategies in use at AF healthcare facilities today.   
 
According to the HFD, the most effective strategies for reducing energy consumption are 
controlling temperature setpoints, setting night and weekend temperature setbacks and controlling 
outside air rates.  By setting or scheduling the appropriate temperature setpoints significant energy 
savings are achievable especially with large scale deployment across 68 facilities.  The temperature 
setpoints shown in Table 2.1 are for general public spaces, but illustrate a reference point. 
Temperature setpoints can range for various patient care delivery spaces such as surgery, ICU and 
patient rooms and typically fall within a couple of degrees from general spaces (US Department of 
Defense 2012b).  The general rule of thumb is that 1 degree difference equates to a 1% - 3% 
reduction or increase in energy use.  This difference can quickly add up to significant savings, but 
since temperature setpoint control falls within each facility manager monitoring what each facility 
designates as the operating setpoints becomes particularly challenging.  Thus, a more robust 
accountability process is needed in order to accurately monitor temperature setpoints.    
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Alternatively, night and weekend temperature setbacks are less complex to track with the use of 
advanced metering capabilities and software currently in a testing phase.  These temperature 
setbacks are generally set from 8 - 10 degrees (F) lower or higher than the temperature setpoints for 
winter or summer and are effective no cost measures for achieving significant energy savings.  
Setbacks allow less energy use when the building is not in use or unoccupied and can be simply set 
by programming schedules within HVAC thermostats or controls.  In this case, the HFD can 
intermittently verify whether less utility use (electricity or natural gas) is consumed during nights or 
weekends and contact the facility managers for necessary adjustments.   
 
Figure 2.6 shows the advanced metering capabilities that aid in verifying daily energy use vital for 
comparing setback impacts.  To illustrate this, I conduct a simple case study analysis for clinic 
CHC21 in Washington and compare the impacts from setbacks during a typical winter month 
(January) and summer month (July).  The daily, monthly and annual electricity and natural gas utility 
data is collected.  The dates shown in Figure 2.6 start on Saturday and reflect utility use throughout a 
typical work week during winter.  Although the energy data does not account for weather 
adjustments and no sub-metering data is available to isolate HVAC equipment energy use, the 
results identify significant impacts to energy consumption.  To calculate the impacts I average utility 
consumption during the week and weekends and compare the differences.  The results reveal an 
astounding difference averaging 66% less natural gas (14,673 cubic feet saved) and 32% less 
electricity (1,600 kWh saved) consumption on weekends during the month of January.  Interestingly, 
I observe much higher savings in natural gas than electricity speculating higher natural gas 
reductions are reasonable during the winter since hot water boilers for heating are running.  Also, 
lower electricity consumption levels from reduced lighting and plug loads are expected as well since 
there are no occupants during the weekend.  I conduct the same analysis for the same clinic during 
July of 2012 and find staggering results – refer to Figure 2.7.  The difference in energy use with 
weekend temperature setbacks average 42% less electricity (2,712 kWh saved) and 37% less natural 
gas (718 cubic feet saved) during this typical summer month.  Contrary to the winter results, I 
observe much higher savings in electricity than natural gas speculating higher electricity reductions 
are reasonable during the summer since chillers and cooling towers are running.  Although 
significant energy savings are realized, I speculate higher savings of at least 75% are achievable since 
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there are no occupants during weekends.  This suggests lighting and plug loads may be “left on” 
during weekends.  
Figure 2.6:  Winter Electricity and Gas Usage with weekend temperature setbacks for a clinic in Washington 
Source: Kroeschell ION EEM Dashboard 
 
 
 
 
Figure 2.7:  Summer Electricity and Gas Usage with weekend temperature setbacks for a clinic in Washington 
Source: Kroeschell ION EEM Dashboard 
 
 
Monitoring night setbacks are more cumbersome to track, but continue to be a standard protocol 
along with weekend setbacks.  Figure 2.8 shows the same metering capabilities for verifying hourly 
energy use vital for comparing night setback impacts.  To illustrate this, I conduct a simple case 
study analysis for clinic CHC16 in Utah during a typical winter weather day in January 2013.  To 
calculate the impacts I average utility consumption during normal operating hours from 6:00 am to 
5:00 pm and non-operating hours after 5:00 pm to 6:00 am and compare the differences.  The night 
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setbacks show impressive results similar to those from weekend setbacks.  The results indicate 
differences averaging 26% less electricity (71 kWh saved) and 59% less natural gas (642 cubic feet 
saved) from 5:00 pm to 6:00 am.  However, I speculate higher savings (75%) are achievable based 
on similar conclusions from the weekend setback discussion.  Since there are no occupants in the 
building or after hour work, higher electricity savings would have been expected.  Similarly, although 
there is nearly 60% less natural gas use higher savings would have been expected.  This suggests that 
the same conditions from weekend setbacks occur during the night hours - equipment or lighting are 
“left on”.  According to these results, there are higher average energy savings with weekend setbacks 
suggesting the disparity may involve larger setback temperature differentials during weekends than at 
nights.  Another possibility involves a difference between lighting or medical and computer office 
equipment “left on” during nights on weekdays.  In either situation, by analyzing this data it is clear 
that higher energy savings are possible.  However, the question is how do we enforce this?  
 
 
Figure 2.8:  Electricity & Natural Gas Usage with night temp. setbacks for a clinic in Utah for January 14, 2013 
Source: Kroeschell ION EEM Dashboard 
 
 
It is noteworthy to point out that a common deficiency the HFD reports is unwanted outside air 
during normal and after hour operating hours.  In some cases they observe that outside air dampers 
at times remain stuck in a fully open position drawing unwanted amounts of outside air into the 
building – potentially increasing energy use by mechanical systems having to either cool or reheat 
this outside air.  This unnoticeable process produces unwanted consequences resulting in higher 
energy use negating the use of setbacks.  Since healthcare buildings require certain outside air 
changes per hour in order to minimize air pollutants and contaminants this challenges facility 
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managers to keep HVAC systems running at optimal performance especially during normal 
operating hours.  Thus, if we assume HVAC loads can be reduced by maintaining proper 
temperature setbacks, then this process could additionally reduce the amount of unwanted outside 
air as well.      
 
The use of economizers continues to increase across the Air Force healthcare building inventory.  
Generally, economizers save energy by using outside air to cool buildings.  They draw cool outside 
air into the building to reduce use of mechanical cooling systems.  When properly working air side 
economizers can provide up to 30% energy savings.  This equipment includes an outside-air damper, 
return-air damper, exhaust-air damper, outdoor temperature sensor, economizer logic controller, an 
actuator and linkage components.  Some studies suggest, however, that only about one in four 
economizers works properly, with the remaining three providing sub-par performance or worse yet, 
wasting amounts of energy (Liescheidt 2010).  According to the Department of Energy, water side 
economizers are best for climates where the wet bulb temperature is lower than 55 degrees F for 
3,000 hours or more.  This fortunately describes the majority of the U.S. except areas in the extreme 
Southwest and portions of the Southeast.  As a result, air side economizers reside in AF healthcare 
facilities located across regions with low to moderate humidity and water side economizer 
installations occur according to the recommendations above.  
At the heart of the HFD energy management systems is the use of advanced controls or Building 
Automated Systems (BAS).  Some related terms to describe the control or automation of buildings 
include Building Automation and Control Systems (BACS), Building Management System (BMS) or 
Smart “Intelligent” Building.  Other terms include Direct Digital Control (DDC) which describes 
the communication method use in modern devices to form the automation system, Controls for 
describing discrete devices that control particular pieces of equipment, or Energy Management 
System (EMS) generally understood to mean the same as “BAS” with emphasis on energy metering 
or monitoring.  Data collection and interviews from the HFD reveal that many of the controls in 
these buildings need upgrading in order to provide a wider array of control options.  As a result, 
many of the AF renovations typically include advanced levels of HVAC control upgrades.  These 
controls typically assist with HVAC zone scheduling, setbacks, setpoints, demand ventilation, 
optimum start and stop operations, variable air volume supply air temperature resets, chiller 
optimization or load reset, hot water reset and variable frequency drives.  Additional opportunities 
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include reset of VFDs on chilled and heating water pumps based on a differential pressure measured 
at the highest and furthest point in the hydronic system, building pressure control - slight positive of 
+.01", VAV air supply based on critical zone loading – verifying all VAV damper positions to 
determine which is the critical load and reset AHU fan speed, cooling tower fan speed  in order to 
optimize fan energy usage based on condenser temperatures, determination of air, water or both 
economizers, lighting control, and security systems.  Although these upgrades are becoming the 
norm, the HFD notes there is still much more work to be done.  The core functionality of a BAS is 
to keep the building climate within a specified range and monitor system performance, but 
ultimately its intent is to reduce energy and maintenance costs.  One test pilot facility in the Air 
Force is equipped with a more sophisticated BAS and appears to be setting a precedent for future 
facility tests.  Evaluations of energy reduction impacts from this control retrofit and other HVAC 
equipment upgrades are shown later in this chapter.   
The HFD’s general approach to building envelope retrofits is typically due to system performance 
failures or during programming of heavy renovation projects.  Thermal resistance for roofs, walls 
and window systems are consistent with civilian sector facilities that meet or exceed ASHRAE 90.1 
requirements and those recommendations listed under ASHRAE’s Advanced Guides for Small 
Hospitals (ASHRAE 2009).  The installations of white roofs or “cool roofs” occur predominantly as 
a result of roof replacements.  Similarly, window glazing system replacements occur primarily due to 
leaky seals causing excess infiltration.  Additional wall insulation or replacement of insulation occurs 
during heavy work renovation when scope of work includes removal of interior finishes along 
exterior walls.      
 
To answer the second question about the diagnostic method for identifying deficiencies, I find that 
several approaches are used.  According to interviews with the HFD, the leading approach is a form 
of retro-commissioning assessment or Engineering Analysis which involves a collaborative effort 
from in-house HFD engineering staff.  With the use of advanced metering and the ESPM database 
this team tracks and isolates abnormal utility energy use for each building.  When irregularities in 
energy use arise, this staff contacts facility managers and discuss a series of checklist items for 
diagnosing the issue(s) and if necessary conduct site visits to assess major deficiencies.  As an option, 
in some extreme cases the HFD acquires whole-building retro-commissioning third party services as 
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a comprehensive diagnostic assessment of each building system.  Although useful, third party whole 
building or retro-commissioning services are seldom acquired. 
 
2.3.3 Case Studies 
This section documents the HFD’s energy reduction strategy impacts to energy intensities across 68 
healthcare facilities from the 2009 baseline to 2012. First, I conduct a comprehensive review of five 
whole building retro-commissioning and engineering analysis reports (provided by the HFD) in 
order to assess persistent deficiency types, quantities and similarities among the building inventory.  
Second, I conduct five additional case studies to document the impact from HVAC retrofits that use 
several of the HFD’s key strategies from earlier sections.  These are used to compare the building 
energy performance “before” the retrofit work and then validate energy savings “after” the work.     
 
According to the HFD, building performance for these five clinics show consistent and abnormal 
high energy use with declining Energy Star ratings.  As a result, comprehensive energy assessments 
are conducted for clinics C11, CHC22, CHC4, C5 and C3.  The clinics are located in California, 
Arizona, Georgia and New Jersey – refer to Table 2.2.   
 
Table 2.2: Whole Building Energy Assessment Building Characteristics 
Facility Size (sf) Year Built Assessment 
Date 
EUI (kBtu/sf) ES Rating 
C11 55,000 2004 2009 127 43 
CHC22 164,000 1974 2010 98 68 
CHC4 68,000 1965 2009 204 15 
C5 50,000 2002 2009 145 3 
C3 160,000 2001 2010 257 9 
Source: ESPM 
 
Table 2.2 provides the building characteristics for each clinic including the energy use intensity and 
Energy Star rating just prior to the whole building energy assessment.  Their sizes differ and their 
ages vary significantly as well.  It is evident that two facilities are at least thirty or up to forty years 
newer than the other two, however, suffer from poor building performance.  Although there may be 
many reasons why these two newer facilities are experiencing higher energy intensities, this may 
suggest that improper operations negate the benefits of newer buildings and their use of more 
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sophisticated systems.  Interestingly, four out of the five facilities experience significantly higher 
EUI’s.  In fact, EUI’s are at least twice and in one case three times higher than the recognized 
CBECS 67 kBtu/sf national EUI standards for facilities of this type.  One facility had previously 
been slightly above the 75 Energy Star rating, but its rating began rapidly declining.  The reports 
include a list of deficiencies according to the each building system with recommended proposal 
measures to repair the deficiencies.   The reports also include cost estimates to repair the deficiencies 
and list potential yearly energy savings.  Using the cost estimates and savings I then calculate simple 
payback periods for each facility. 
 
As part of my analysis of the energy assessment reports, I compile a list of all deficiencies, compare 
and organize the list according to major categories and building systems as shown in Figure 2.9.  
After analyzing all the data in these reports, findings reveal that HVAC is the one with most 
deficiencies.  In fact, two of the most common building deficiencies in these clinics relate to 
simultaneous heating and cooling and controls which are often due to building automation systems.  
For instance, when the central system delivers cooler air than required the zone reheat coils must 
temper the air before the air is delivered to the space.  In this case heating and cooling systems work 
against each other and create additional wear on electric heating coils, hot-water pumps, chiller water 
pumps, boilers, chillers and auxiliaries.  In fact, the reports note in some cases that a number of coil 
control valves failed due to worn out seats and were stuck in the open position causing excessive 
leakage.  Studies suggest 20% energy savings are achievable by eradicating unintended simultaneous 
heating and cooling (Doty 2009).  Other common deficiencies note the lack of temperature and flow 
sensor controls calibration, overuse of chiller water system due to temperature setpoint overrides, 
ineffective economizers at AHU’s and ventilation controls allowing more outside air to the building 
than necessary.  The reports identify in at least two facilities, the AHU supply, return and exhaust 
fans are oversized and not modulating correctly.   
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Figure 2.9:  Building deficiencies identified with Whole Building Retro-Cx and Energy Analysis assessments   
Source: HFD 
 
 
Based on my analysis, I speculate that a majority of the deficiencies surrounding simultaneous 
heating and cooling may stem from the lack of properly working equipment components tied to 
building management systems.  This may explain why a majority of the HFD’s current efforts 
include upgrading and ensuring controls are functioning properly.  Some deficiencies, however, 
relate to user operation of controls rather than equipment component failure which suggests either 
mismanagement or the need for more training.  According to these reports, only a few deficiencies 
in these five clinics relate to electrical systems.  For instance, in one facility a significant decrease in 
power factor occurs during mid-day loads at the time when the HVAC was running at the highest 
capacity.  In another clinic, the emergency load is oversized and the transformers inside of the 
building are generating additional heat forcing the HVAC system to balance the increases in load.  
For lighting, the reports note a common deficiency among clinics consisting of a small portion of 
lighting “left on” during unoccupied hours suggesting the need for occupancy sensors.  A common 
building envelope deficiency claims unnecessary infiltration and reduction of building pressure 
primarily from inadequate distances between main entry vestibule doors causing the two exit doors 
to remain constantly open or the malfunction of the door’s infrared sensors.     
 
Figure 2.10 (A) compares the annual energy use prior to the retrofits and the annual energy use 
potential reductions after the retrofits for all the clinics.  Accordingly, if all the deficiencies are 
repaired the calculations reflect a 23% average energy savings is achievable.  Also shown in Figure 
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2.10 (B) are the total costs for retrofit work, the energy savings and simple payback periods 
according to each building system.  The results show that HVAC has the lowest payback period and 
offers the largest potential for energy savings with retrofit expenditure pay offs within a two year 
period.  As a stand-alone solution, retro-commissioning serves as an invaluable diagnostic tool that 
also offers a list of scope retrofit measures useful for budgeting purposes.   
 
      A: Estimated energy savings                B: Costs and simple payback periods per Building System  
Figure 2.10 A & B: Analysis Results from Whole Building Retro-Cx and Energy Analysis Assessments     
Source: HFD 
 
 
The next task is to analyze the proposals from these energy assessment reports and compare them 
with actual energy savings.  To do this, I select two of the clinics CHC22 and C3 and analyze the 
scope of work from the proposals.  I create a list of the scope repairs and compare it with the actual 
scope of work the HFD selects to perform at the clinics.  The annual building electricity and natural 
gas use is extracted from the ESPM database in order to compare before and after impacts.  Prior to 
starting the analysis, I conduct interviews with clinic staff in order to isolate the actual scope of 
retrofit work and ensure no other major building characteristics or operational changes before, 
during or after the retrofit occurs.  For instance, it would be important to consider major changes to 
clinic opening days, reduction or deletion of specific patient services or the addition or 
decommissioning of major medical equipment such as Digital Radiology, MRI or Dental.  Findings 
reveal no major operational changes or other renovation work occur that would otherwise 
significantly affect utility energy use.  The same process is repeated for the other case studies. 
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Case Study 1 
The list of deficiency repairs in Table 2.3 represent the scope of work from the whole building retro-
commissioning assessment for clinic CHC22 located in Arizona.  A majority of the deficiencies 
relate to the HVAC system and automated controls.  The report lists a recommendation to install a 
“white roof”, but at the time the HFD selects only the HVAC retrofits. To establish a baseline target 
for comparison, I use the estimates from the WBRC proposal reports which show 33% total in 
building energy savings.  
    
Table 2.3: Clinic CHC22 WBRC Assessment Deficiency Repairs 
# Deficiency Repairs Repaired 
1 T&B of AHU, VAV terminals, Exhaust Fans, EMCS controls Yes 
2 Repair duct leak at AHU 10 Yes 
3 Restore or add VAV terminal air flow reading to BAS to eliminate simultaneous heating & cooling 
caused by outside air dampers allowing unconditioned air to enter building 
Yes 
4 Repair & conduct routine maintenance to AHU’s 7 & 14  Yes 
5 Complete test & hydronic balance for chilled water & hot water systems   Yes 
6 Reprogram AHU 7, 12, & 14 & add BMS controls to EF for night setbacks Yes 
7 Install cool roof upgrade or add a reflective coating to lower roof No 
8 Replacement of AHU 1, 3 & 12 including return fans, associated connected controls and valves Yes 
9 BAS replacement, 3-way conversion to 2 way valves, replacement of sensing devices & loop controls 
re-establishment  
Yes 
Source: HFD 
 
A few of the deficiencies in this report include the use of incorrect control system sequences and 
damper positions and the lack of graphics of VAV box air flow sensor output.  Other deficiencies 
relate to BAS controls that are out of operation, outside air dampers stuck open, and unresponsive 
control damper and valves probably due to the lack of routine maintenance or repair.  Figure 2.11 
and 2.12 show the building electricity and natural gas use for years 2010 through 2012.  The HVAC 
retrofit starts in April 2011 and ends in December 2011.  The intent for measuring and verifying 
impacts at these facilities is to isolate the energy reductions following the repair of each deficiency or 
building system.  When I attempt to isolate each repair using the project schedule, I realize that the 
sequencing of work repairs overlap repeatedly making it difficult to separate energy savings as I 
originally planned.  As an alternative solution I establish a baseline energy use from the previous year 
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starting in January through December 2010 and measure the energy reductions the following year 
after the retrofit from January through December 2012.         
 
Figure 2.11:  CHC22 WBRC Assessment – Annual Electricity Use 
Source: ESPM 
 
 
Figure 2.12:  Clinic CHC 22 WBRC Assessment – Annual Natural Gas Use 
Source: ESPM 
 
The results shown in Figure 2.11 indicate a 12% reduction in electricity use and Figure 2.12 shows a 
40% reduction in natural gas use.  Using the national average price for electricity of $0.12 per kWh 
multiplied by 536,656 kWh (difference in electricity use from 2010 to 2012) equates to 
approximately $64,000 in cost savings. To calculate the energy savings from natural gas, I use the 
U.S. national average gas price of $8.01/MCF (1000 cubic foot) (US Energy Information 
Administration 2013).  According to the results, there is a decrease of 333 MCF of natural gas 
between 2010 and 2012 which equates to $2,760 in cost savings yielding total savings of $66,760 
over this three year period with an ROI of 7.5%.  When I compare the 52% cumulative actual 
energy savings with the proposed 33% energy savings from the report it is clear that the retrofit 
exceeds expectations by an impressive 20%.  However, higher energy savings will help to defray 
higher energy costs since they continue to rise according to the 2012 Buildings Energy Data Book.  
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In fact, energy costs for outpatient medical facilities reach $2.67 per square foot in 2010, but are 
closer to $3 today. Similarly, reports from the U.S. Department of Energy reveal that hospital energy 
costs have risen 56% from $3.07 per square foot since 2003 to $6.07 per square foot in 2009 
(McCarthy 2013).  
 
Figure 2.13 and 2.14 represent the energy use intensity (EUI) and Energy Star Rating from January 
2010 to December 2012.  The HVAC retrofit starts in April 2011 and ends in December 2011.  By 
the completion of the retrofit the EUI drops from 102 (kBtu/sf) to 94 (kBtu/sf). 
 
Figure 2.13: Clinic CHC22 WBRC Assessment - Energy Use Intensity 
Source: ESPM  
 
The energy use intensity continues to show a steady decrease in the following months after the 
retrofit until flattening out at about the eighth month at 89 (kBtu/sf).  Interviews with staff clarify 
that the drop in EUI is a result of minor adjustments to controls from the HVAC contractor and 
maintenance personnel after the retrofit.  According to the ESPM database this clinic achieves a 75 
Energy Star Rating in March 2012 and stands at a rating of 77 as of December 2012.  Figure 2.14 
tracks this clinics building energy performance history.  The benchmarking of the building’s baseline 
performance is set in December 2008 at a rating of 70 and by early 2010 this rating increases to 75.  
The building’s rating begins declining as a result of higher energy consumption until the rating 
decreases to 68 in December 2010 which prompts the need for an energy assessment.        
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Figure 2.14:  Clinic CHC22 WBRC Assessment - Energy Star Rating 
Source: ESPM 
 
Case Study 2 
This case study is a result of an on-site visit that evaluates the impact of HVAC retrofits from an EA 
assessment.  Clinic (C3) is a 160,000 square foot multi-story clinic built in 2001 located in New 
Jersey with a consistent Energy Star Rating of 9 and an EUI of 272 (kBtu/sf) prior to any energy 
reduction retrofits.  The energy performance at the time of benchmarking (late 2008) indicates this 
facility ranks at the bottom 10 percentile.  To diagnose the building’s poor performance an 
Engineering Analysis assessment is conducted by the HFD engineering staff.  The assessment 
reports the condition of the building as clean with exceptional maintenance including the general 
appearance of the main mechanical rooms.  This leads to speculate the facilities’ poor energy 
performance is due to mechanical or operational issues and not due to lack of proper maintenance.  
The assessment provides a list of repairs to mitigate the deficiencies as shown in Table 2.4.   
Table 2.4 lists the major HVAC component replacements with a brief scope description. For this 
clinic, replacements of major components such as boilers, cooling towers, and BAS controls are 
deemed the best course of actions to fully increase the building’s energy performance.  The retrofit 
scope for this newer facility is similar to the retrofit scope from clinic CHC22 except for the boilers 
and cooling tower replacements.  As I compare the retrofits, significant work occurs at AHU’s and 
both clinics benefit from complete upgrades or replacements to the Building Automated System.  
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Table 2.4: Clinic C3 Engineering Analysis Assessment HVAC Retrofit 
# Repairs/Replacements Repaired 
1 Replace Heating Hydronic Boilers:   
- Install new high efficiency/low NOx gas fired heaters 
- Convert CVS to Primary/Secondary heating water loop 
- Replace all pumps with VFD controlled high efficiency pumps 
- Reset heating loop temperature based on outside air temp 
Yes 
2 Replace cooling towers 
- Install stainless steel cooling towers (2) 
- Install plate and frame exchanger to provide for tower free cooling cycle 
Yes 
3 Rebuild Existing AHU Humidifiers 
- Replace humidification canisters, humidity sensors in supply and return ducts 
Yes 
4 Replace Building Automation System (BAS) 
- Chiller control & optimization 
- VAV control 
- Hydronic systems 
- AHU’s (including enthalpy economizer control)  
- Building pressurization and exhaust control & graphics 
- Night/weekend setbacks 
  
Yes 
Source: HFD 
 
Figure 2.16 through 2.19 show the building electricity and natural gas for years 2010 through 2012.  
The HVAC retrofit begins in January 2011 and ends in October 2011 as shown in Figure 2.15.  
Similar to the Case Study 1 the sequence of work for this clinic also overlaps creating the same 
challenges as well.  Thus, the same approach from the previous case study is used - establish a 
baseline energy use from the previous year that starts in January through December 2010 and 
measure the energy reductions the following year after the retrofit from January through December 
2012.  The following describes the sequence of work; the removal and replacement of the cooling 
towers occur during the winter months and the boiler replacement during the summer months.  The 
work on these systems occurs during opposite operational seasons meaning boilers are not used 
during the summer and cooling towers are not generally used during the winter.  Using this 
approach lessens the impacts to clinic operations and patient care.  The work for rebuilding the 
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existing AHU humidifiers and replacing the BAS occur at various times following equipment 
replacement.           
 
The scope of work and schedule breakdown for clinic C3 is shown in Figure 2.15.  A description of 
the work is shown as AA through AD below the chart data.  Although this chart does not measure 
and verify utility reductions after HVAC equipment replacements it is useful in representing the 
sequence of work overlaps and its relative shutdown and startup impact during summer and winter 
months.  It is also useful in capturing the difference in utility use from specific months.  For 
instance, natural gas use in January 2011 (before retrofit) was significantly higher than that in January 
2012 (after retrofit).  In fact, the results show a 50% decrease in electricity and 30% decrease in 
natural gas consumption.     
 
 
AA = Replace BAS 
AB = Replace Cooling Tower  
AC = Rebuild Existing AHU Humidifiers 
AD = Replace Gas Heating Hydronic Boiler 
 
Figure 2.15:  Clinic C3 EA Assessment - Utility Analysis 
Source: HFD/ESPM 
 
The overlaps occur on a majority of work except on the cooling towers demolition shown as AB in 
January 2011.  Clearly, it can be inferred that the electricity consumption decreases as a result of the 
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cooling towers coming offline between January and February 2011 and subsequently coming online 
starting in April 2011 with the jump in electricity use.  This confirms the notion of equipment 
replacement at times when it is not in use and completing the work just prior to the beginning of 
warmer weather.  Also worthy to point out is the sinusoidal wave starting in January 2010 represents 
higher electricity use during the summer and lower use during the winter – generally an indication of 
normal HVAC operations.  The gas-fired heating water boilers are offline starting in April 2011 and 
online starting in September 2011 and the decrease and increase in natural gas reflect this in Figure 
2.15.  Natural gas consumption starts decreasing in January 2011 due to the demolition of one boiler 
at a time.  Once both boilers are offline the natural gas decreases significantly between March 2011 
and May 2011 and subsequently increases during the winter months.   Further analysis reveals that 
minor testing and balancing (T&B) and BAS control adjustments for both cooling and heating 
systems continue past the date of completion which may explain some inconsistent fluctuations in 
utility use.   Based on interviews with the facility manager, it is estimated that at least 50% of the 
utility savings could be attributed to the BAS replacement.    
 
Further evaluation of annual utility use before and after the retrofit reveals astounding results.  
Figure 2.16 and 2.17 show reductions in electricity use.  The building electricity consumption 
dropped from 5.3 million kWh in 2010 to 2.8 million kWh in 2012 or nearly 48%.   The savings 
equate to $305,400 over this three year period – a significant return for future reinvestments in other 
energy reduction strategies.   
 
 
Figure 2.16:  Clinic C3 EA Assessment – Annual Electricity Use 
Source: ESPM 
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Figure 2.17 shows monthly electricity use for 2010 (before) and 2012 (after).  This clearly 
demonstrates the decrease of electricity use in 2010 from 2012 and depicts the sinusoidal wave 
representing higher electricity use during the summer and lower use during the winter – generally 
indicating normal HVAC operations.   
 
Figure 2.17:  Clinic C3 EA Assessment – Monthly Electricity Use 
Source: ESPM 
 
Remarkably, the results shown in Figure 2.18 represent an even more impressive decrease in energy 
use.  Natural gas consumption starts at 21.9 million cubic feet in 2010 and decreases to 4.7 million 
cubic feet or approximately by 80% in 2012.  To calculate cost savings, I use the national average 
natural gas price of $8.01 per MCF (thousand cubic feet).  The cost savings are $137,500 yielding an 
astonishing total savings of $442,900 from 2010 to 2012.  
 
 
Figure 2.18:  Clinic C3 EA Assessment – Annual Natural Gas Use 
Source: ESPM 
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Figure 2.19 shows monthly natural gas use for 2010 (before) and 2012 (after).  This clearly 
demonstrates the enormous decrease of natural gas use in 2010 from 2012 levels as a result of the 
HVAC retrofit, but also depicts the 2012 sinusoidal wave representing lower natural gas use during 
the summer and higher use during the winter – generally indicating normal HVAC operations as 
well.   
 
Figure 2.19:  Clinic C3 EA Assessment – Monthly Natural Gas Use 
Source: ESPM 
 
Figure 2.20 and 2.21 represent the energy use intensity (EUI) and Energy Star Rating from January 
2010 to December 2012.  The HVAC retrofit starts in January 2011 and ends by October 2011.  By 
the completion of the retrofit the EUI drops a remarkable 64% or 107 (kBtu/sf) within a one year 
period.  The energy use intensity drops from 272 (kBtu/sf) to 165 (kBtu/sf) as shown below.  
 
Figure 2.20: Clinic C3 EA Assessment - Energy Use Intensity 
Source: ESPM 
0
500,000
1,000,000
1,500,000
2,000,000
2,500,000
3,000,000
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
c
u
b
ic
 f
e
e
t 
Month 
2010
2012
Winter Winter 
272 
165 
93 
0
50
100
150
200
250
300
J
a
n
-1
0
M
a
r-
1
0
M
a
y
-1
0
J
u
l-
1
0
S
e
p
-1
0
N
o
v
-1
0
J
a
n
-1
1
M
a
r-
1
1
M
a
y
-1
1
J
u
l-
1
1
S
e
p
-1
1
N
o
v
-1
1
J
a
n
-1
2
M
a
r-
1
2
M
a
y
-1
2
J
u
l-
1
2
S
e
p
-1
2
N
o
v
-1
2
E
U
I 
(k
B
tu
/s
f)
 
Retrofit Starts 
Retrofit Completed 
65 
 
The energy use intensity continues to decrease in the following months after the retrofit reaching an 
EUI of 93 (kBtu/sf).  Similar to the previous case study minor control adjustments continue during 
the next several months.  As a result, the Energy Star Rating increases by 31 points by the end of the 
retrofit and continues to climb reaching 66 by December 2012 still surprisingly short of the 
renowned 75 rating mark.  A history of this clinic’s building ES Rating is shown in Figure 2.21.  The 
building’s baseline rating as previously stated was in the bottom 10%, but began increasing steadily 
as a result of the energy saving retrofits.  There are plans to replace outdated chillers systems in an 
effort to reach the 75 Energy Star Rating.   
 
Figure 2.21: Clinic C3 EA Assessment - Energy Star Rating 
Source: ESPM 
 
Case Study 3 
Clinic CHC18 is evaluated to document the impact of various energy measures.  This clinic is an 
184,000 square foot multi-story clinic built in 1957 located in Oklahoma City with a baseline Energy 
Star rating of 37 and an EUI of 122 (kBtu/sf) prior to any rigorous energy reduction efforts.  
Seeking to improve building performance the facility manager and maintenance personnel staff at 
the clinic with the assistance of the HFD engineering staff conduct an energy assessment.  The 
assessment reveals minor deficiencies in various building systems that are readily accessible for 
relatively low costs or no cost at all.  One in particular is re-educating and training staff on energy 
awareness – a campaign quickly embraced by many staff personnel.  This campaign allows easier 
implementation of setbacks and turning off unused equipment.  Table 2.5 lists the energy saving 
measures the HFD and medical clinic staff works through steadily to reduce energy.     
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Table 2.5: Clinic CHC18 EA Assessment Retrofit Repairs  
# Repairs 
1 Repaired Leaking Systems:   
- Steam 
- Condensate lines 
- Chilled Water 
2 Replaced weather stripping around door to reduce infiltration 
3 Replaced T12’s with T8’s lamps  
4 Installed occupancy motion sensors (restrooms, conference rooms, etc). 
 
5 Programmed night and weekend temperature setbacks 
6 Implemented Energy Awareness campaign to re-educate staff 
7 Turned off unused equipment (office and medical) 
 
Source: HFD/Facility Management 
 
Figure 2.22 and 2.23 show the reductions in building electricity consumption and central steam with 
annual totals.  Retrofit work starts in mid-2008 and continues until mid-2010.  According to 
findings, this clinic reduces electricity consumption by 27% from 2008 to 2011 as a result of no cost 
or relatively low cost retrofit repairs and measures yielding cost savings of $126,568 using $0.12 per 
kWh.  These findings clarify the importance of seeking simple yet cost effective or no cost solutions 
with quick turn-around savings.  Also, it is equally important to point out the notion of collaboration 
and team work among headquarters staff and clinic personnel staff.  
 
Figure 2.22: Clinic CHC18 Retrofit – Annual Electricity Use   
Source: ESPM 
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This facility is one of the few still using district central steam for space heating normally from the 
base central plant.  Similar to the other utilities this facility has a meter and is charged for steam 
consumption on a monthly basis.  Figure 2.23 shows the difference in annual steam use from 2009 
to 2011; no data was available for 2008.  In this case, there is a 16% reduction in district central 
steam consumption.  Monthly utility cost data for steam from the Energy Star Portfolio Manager 
Database reflects $6,300 in cost savings from 2009 through 2011.  As a result, the savings from both 
energy sources total $132,868 and a simple payback period of 3 months since most of the retrofit 
work is low cost or no cost done by clinic staff and maintenance personnel.  
      
 
Figure 2.23: Clinic CHC18 Retrofit – Annual Central Steam Use   
Source: ESPM 
 
Figure 2.24 and 2.25 represent the energy use intensity (EUI) and Energy Star Rating from April 
2008 to July 2012.  Retrofit repairs start in 2008, but according to staff more intense efforts occur 
from May 2009 through July 2010.  Frequent energy awareness meetings with users aid staff to turn 
off and unplug unused office and medical equipment further reducing energy intensities to 52 
(kBtu/sf) by 2012.  This was an important no cost solution to consider since this facility is operating 
as an outpatient clinic in a hospital chassis with spaces originally designed for intense medical 
equipment use.  The EUI decreases by 50% from 122 kBtu/sf to 61 kBtu/sf by the end of the 
retrofit efforts.  The Energy Star Rating increases from 37 to 67 by July 2010 and finally reaches the 
75 Energy Star Rating by the following year in May 2011.  What seems to be a long effort proves to 
be worthwhile and rewarding experience with an internal recognition ceremony.  Remarkably, an 
overall 57% EUI reduction is realized by the end of 2012, but at an astonishing relatively low cost of 
$54,000 which results in a huge return on investment of 40%.   
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Figure 2.24: Clinic CHC18 Retrofit - Energy Use Intensity 
Source: ESPM 
 
 
Figure 2.25: Clinic CHC18 Retrofit - Energy Star Rating 
Source: ESPM 
Case Study 4 
This clinic documents the impact of HVAC retrofits.  Clinic (CHC16) is a 134,000 square foot 
multi-story clinic built in 1974 located in Utah with an Energy Star Rating of 52 and an energy use 
intensity of 131 (kBtu/sf) prior to any energy reduction retrofits.  The energy performance at the 
time of benchmarking (late 2008) indicates this facility ranks as an average performer.  Due to its age 
it appears some of the building systems are nearing the end of their life cycle especially the HVAC 
system.  Additionally, the energy intensities consistently show 140 kBtu/sf prior to any efficiency 
efforts – more than twice CBECS 67 kBtu/sf.  To diagnose the building systems an Engineering 
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Analysis assessment is conducted by the HFD.  According to this assessment the following list in 
Table 2.6 illustrates the retrofit repairs.  
  Table 2.6: Clinic CHC16 Engineering Analysis Retrofit Repairs 
# Repairs 
1 Replace/Upgrade Building Automation System 
- Chiller control & optimization 
- VAV control 
- Hydronic systems 
- AHU’s (including enthalpy economizer control)  
- Building pressurization and exhaust control & graphics 
- Night/weekend setbacks 
2 Replace Heating Hydronic Boilers 
- Replace existing gas heating water boilers with new high efficiency / low NOx, gas fired heaters 
- Convert constant volume system to primary / secondary heating water loop. Replace all pumps with 
VFD controlled high efficiency pumps.  
  
3 Replace all VAV boxes 
4 Install Plate and Frame Exchanger 
- Install plate and frame exchanger to provide for tower “free cooling” cycle 
  
Source: HFD 
 
This HVAC retrofit starts in January 2011 and ends in May 2012.  The sequence of work did not 
lend itself to monitoring and tracking specific energy savings before and after retrofits.  However, 
similar to other HVAC retrofits in this section, the boiler replacements occur during the summer 
months (June 2011) to minimize disruptions to daily medical operations.  The replacement of the 
heating water boilers retire one heater located in a penthouse space and three redundant pumps.  
The BAS controls replacement starts in conjunction with VAV boxes and soon after the AHU work 
ends.  
 
Figure 2.26 through 2.29 show the reductions in building electricity and natural gas consumption 
with annual totals.  According to findings, there is a 14% reduction in electricity consumption from 
2010 and 2012 and cost savings of $42,400 using a price per kWh of $0.12.  Figure 2.27 is shown to 
simply illustrate the “before and after” difference in monthly electricity use from 2010 and 2012 
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emphasizing lower consumption in 2012 as a result of HVAC retrofit work.  Interestingly, the 
consistent sinusoidal curves from 2010 and 2012 reflect a more typical electricity consumption 
during the summer and lower consumption during the winter.  Also, it may be worthy to point out 
that these savings could be as a result of the BAS, VAV boxes and pump replacements since these 
would predominantly affect electricity consumption.           
 
Figure 2.26: Clinic CHC16 EA Assessment – Annual Electricity Use   
Source: ESPM 
 
 
Figure 2.27: Clinic CHC16 EA Assessment – Monthly Electricity Use   
Source: ESPM 
 
Remarkably, the results shown in Figure 2.28 represent an even more impressive decrease in energy 
use.  Natural gas consumption starts at 8.6 million cubic feet in 2010 and decreases to 2.6 million 
cubic feet in 2012 or by an astonishing 70%.  Thus, these savings are as a result of the primary work 
relating to hot water heating boiler replacements from older less efficient units to higher efficiency 
units and possibly setbacks.  
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Figure 2.28: Clinic CHC16 EA Assessment – Annual Natural Gas Use   
Source: ESPM 
 
 
 
Figure 2.29: Clinic CHC16 EA Assessment – Monthly Natural Gas Use   
Source: ESPM 
 
Figure 2.29 shows monthly natural gas consumption for 2010 and 2012.  This illustrates the huge 
decrease in natural gas consumption signaling the “before and after” snapshot as a result of the 
boiler replacements.  Also noteworthy to point out is the less volatile sinusoidal curve reflecting 
more typical natural gas use during winter months for 2012 in comparison to 2010.  The cost 
savings in natural gas are $48,423 and combined with cost savings from electricity equate to $90,823.  
 
Figure 2.30 and 2.31 show the energy use intensity and Energy Star Rating for this clinic.  As stated 
earlier, this clinic experiences abnormally high EUI’s and as a result ranks in the average performer 
range.  With this HVAC retrofit the EUI decreases by 42% exceeding the minimum 30% federal 
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kBtu/sf and its rating therefore increases from 52 to 70 by the end of the retrofit.  In fact, on the 
third month after the retrofit the Energy Star Rating reaches up to 74 – one point from achieving 
the label of Energy Star Compliant.  As of December 2012, this clinic holds a 73 rating and is 
expected to reach 75 or better by 2013. 
 
 
Figure 2.30: Clinic CHC16 EA Assessment - Energy Use Intensity 
Source: ESPM 
 
 
Figure 2.31: Clinic CHC16 EA Assessment - Energy Star Rating 
Source: ESPM 
 
 
 
 
131 
75 
0
20
40
60
80
100
120
140
160
J
a
n
-1
0
M
a
r-
1
0
M
a
y
-1
0
J
u
l-
1
0
S
e
p
-1
0
N
o
v
-1
0
J
a
n
-1
1
M
a
r-
1
1
M
a
y
-1
1
J
u
l-
1
1
S
e
p
-1
1
N
o
v
-1
1
J
a
n
-1
2
M
a
r-
1
2
M
a
y
-1
2
J
u
l-
1
2
S
e
p
-1
2
N
o
v
-1
2
E
U
I(
k
B
tu
/s
f)
 
Retrofit Starts 
Retrofit Completed 
52 
70 
0
10
20
30
40
50
60
70
80
J
a
n
-1
0
M
a
r-
1
0
M
a
y
-1
0
J
u
l-
1
0
S
e
p
-1
0
N
o
v
-1
0
J
a
n
-1
1
M
a
r-
1
1
M
a
y
-1
1
J
u
l-
1
1
S
e
p
-1
1
N
o
v
-1
1
J
a
n
-1
2
M
a
r-
1
2
M
a
y
-1
2
J
u
l-
1
2
S
e
p
-1
2
N
o
v
-1
2
E
n
e
rg
y
 S
ta
r 
R
a
ti
n
g
 
Retrofit Starts 
Retrofit Completed 
73 
 
Case Study 5 
For this case study I evaluate hospital H13 in order to understand the impacts from HVAC retrofits 
in a hospital setting.  The hospital is a 130,00 square foot three story building built in 2006 located in 
Italy with an Energy Star Rating of 67 and an energy use intensity (EUI) of  165 (kBtu/sf) prior to 
any energy reduction retrofits.  According to the ESPM database no data is available prior to 
December 2007, but in early 2008 the energy intensity starts to decrease monthly by 2 or 3 points.  
Despite achieving a much lower EUI than the CBECS 214 kBtu/sf U.S. standards, the hospital 
facility manager and administrators set out to increase building system efficiencies due to higher 
utility bills than those from similar facilities in the U.S.  Table 2.7 lists the strategies and repairs 
during a two year period.  Interestingly, all of the strategies relate to HVAC operations and 
equipment and most importantly target no cost solutions within the BAS controls such as 
unoccupied strategies during off-duty hours, resetting chilled water set points, setbacks for 
administrative areas during weekends, linking supply air temperatures with outside air temperatures, 
and lowering setpoints.  
  Table 2.7: Hospital H13 Retrofit Repairs and Energy Saving Measures  
# Strategy/Repairs Year 
1 Unoccupied lighting strategy; reduced lighting requirements during off-duty hours and 
weekends  
 
2008 
2 Chilled water set; raised the chilled water set point to better align chiller output with actual 
load requirements based on outdoor conditions.  
  
2008 
3 AHU unoccupied strategy; AHU’s in administrative areas programmed to be turned “off” 
on weekends and during off-duty hours  
 
2008 
4 Supply Air Temperature (SAT) link with Outside temperature; during periods of milder 
weather the SAT is reset upward to reduce wasteful reheating of already cooled air.  
 
2008 
5 Temperature Setpoints; modified indoor temperatures in administrative areas during 
summertime from 73.4 to 75 degrees F and wintertime from 69 to 68 degrees F  
2008 
6 Air Side Economizer installation to chiller  2009 
7 Existing AHU replacements; new high efficiency units installed allowed better 
interconnection with newly installed controls   
 
2009 
 
The HVAC retrofits start in 2008 and continue through 2009 – refer to Table 2.7.  Figure 2.32 
through 2.35 show the annual reductions in building electricity and natural gas consumptions as a 
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result of energy reduction efforts.  According to findings, there is a 15.6% reduction in electricity 
(506,322 kWh) consumption from 2007 to 2010.   To calculate cost savings I use a price of $0.18 per 
kWh for electricity in Italy from Europe’s Energy Portal accessed at www. energy.eu/ which results 
in $91,138.  Interestingly, the highest energy savings occur from 2008 to 2009 – 7.9%.  Arguably, I 
speculate these savings are due to strategies 1 through 5 which could generally affect both cooling 
and heating loads.  Similarly, energy savings from AHU replacement and economizer installation 
from 2009 would reflect in 2010 electricity consumptions which show a 3.7 % decrease from 2009.   
 
 
Figure 2.32: Hospital H13 – Annual Electricity Use   
Source: ESPM 
 
Figure 2.33 is shown to simply illustrate the “before and after” monthly variations and reductions of 
electricity use from 2007 to 2010.  According to this data, there is a distinct difference in electricity 
use from 2007 to 2010.  Remarkably, the characteristics of electricity for both years follow similar 
sinusoidal waves except 2010 consumption levels are lower.  Similar to other case studies it is 
difficult to pinpoint specific impacts from each retrofit.  However, since retrofits occur during two 
different years the impacts from each could potentially be seen the following year.  For instance, the 
AHU replacement work occurs in 2009 and would most likely impact electricity consumption in 
2010.  Perhaps the best comparison involves seasonal electricity use during summer and winter 
months before and after the retrofit as shown in Figure 2.33.  Also, since these new AHU’s are now 
able to interconnect with the newer BAS controls, the ability to fine tune the HVAC system allows 
the facility manager to adjust the HVAC to minimize system loads in unoccupied areas during off-
duty hours and weekends.  Impacts as a result of unoccupied strategies for lighting and AHU would 
have also been seen within months during the same year.  Impacts from both chilled water reset and 
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linking SAT with outside temperatures would be visible from the previous year or the following 
annual energy consumption.    
 
Figure 2.33: Hospital H13 - Monthly Electricity Use   
Source: ESPM 
Remarkably, the results shown in Figure 2.34 represent much higher energy reductions.  Natural gas 
consumption starts at 9,510 thousand cubic feet in 2007 and drops to 7,036 thousand cubic feet in 
2010 or approximately by 28%.  According to literature searches, natural gas companies in Europe 
bill in kWh so in order to calculate cost savings I convert the volume of natural gas in thousand 
cubic feet to kWh using a conversion factor of 1 thousand cubic foot = 292 kWh which results in 
energy savings of 724,875 kWh between 2007 and 2010.  The price for natural gas in kWh for this 
calculation is $.053 per kWh (www.energy.eu/), therefore, yielding $38,691 in natural gas cost 
savings.  It is interesting to note that the highest energy reductions of 13.6% occur from 2007 to 
2008, 3.6% reduction occurs from 2008 to 2009 and an 11% reduction occurs from 2009 to 2010.   
 
Figure 2.34: Hospital H13 – Annual Natural Gas Use   
Source: ESPM 
 
0
50,000
100,000
150,000
200,000
250,000
300,000
350,000
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
k
W
h
 
Month 
2007
2010
Summer 
9,510 
8,206 7,910 
7,036 
0
2,000
4,000
6,000
8,000
10,000
2007 2008 2009 2010
th
o
u
s
a
n
d
 c
u
b
ic
 f
e
e
t 
76 
 
Figure 2.35 shows monthly natural gas consumption for 2007 and 2010.  This illustrates the 
consistent sinusoidal curve reflecting typical natural gas use during winter months.  A key 
observation is that natural gas use from January through March of 2010 is significantly higher than 
October through December of 2010 suggesting positive impacts from the continuous AHU 
replacement work and interconnection with the BAS controls in late 2009.  One of the no cost 
strategies involves lowering the temperature setpoints from 69 to 68 degrees Fahrenheit during the 
winter months in 2008.  Interestingly, the facility manager’s selling point to staff points out that this 
1 degree difference equates to the annual salary of one desperately needed medical technician.  
When I compare the natural gas consumption during winter months from October 2007 to March 
2008 to the same months in 2008 and 2009, there is a significant decrease.  In fact, the difference is 
1,234 thousand cubic feet or approximately 20% reductions from the previous winter months.  
Although there are also efforts to link the supply air temperature (SAT) with outside temperatures 
during periods of milder weather that could have contributed to natural gas reductions within these 
months it is likely that the impacts would be seen during the spring and fall months.  
 
Figure 2.35: Hospital H13 - Monthly Natural Gas Use   
Source: ESPM 
 
Figure 2.36 shows the energy use intensities and Energy Star Ratings from 2008 through 2010.  As 
stated earlier, the hospital experiences lower EUI’s (165 kBtu/sf) than CBECS levels (214 kBtu/sf) 
prior to HVAC retrofits showing above average performance and as a result ranking close to the top 
25% of Energy Star performers.  With the HVAC retrofit work in 2008, the EUI decreases to 150 
kBtu/sf from 165 kBtu/sf and its rating therefore increases from 67 to 76 by the end of the retrofit 
achieving an Energy Star Rating above 75.  Similarly, the HVAC retrofit work in 2009 further leads 
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this hospital towards achieving a higher rating.  In fact, according to the ESPM database the hospital 
reaches an 85 ES Rating and an EUI of 138 kBtu/sf by the end of the work in 2009.  This EUI is 
approximately 35% lower than CBECS national levels.  As a result, the hospital becomes the first 
U.S. operating facility outside the country to earn the Energy Star (Reed 2010).  As of December 
2012, the hospital holds a 92 ES rating and an impressive low energy use intensity of 125 kBtu/sf.  
Figure 2.37 shows the EUI and Energy Star Rating comparison of retrofit work in percentages.  This 
shows the change in EUI and ES Rating from the start and end of retrofit work within that same 
year.  For instance, the retrofit work from 2008 collectively reduces energy use intensities by 9.2% 
and increases the ES Rating by 13.4%.  Similarly, the work from 2009 collectively decreases EUI’s 
by 4.6% and increases the ES Rating by 7.6%.  The return on investment for all retrofit work is an 
impressive 20.5%.  
 
 
Figure 2.36: Hospital H13 Energy Use Intensity and Energy Star Rating Comparison 
Source: ESPM 
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Figure 2.37: Hospital H13 EUI and ES Rating Comparison per Year of Retrofit Work 
Source: ESPM 
 
2.4 Establishing common metrics 
 
This section identifies typical retrofit measures and their retrofit cost in $/square feet.  It seeks to 
establish common metrics by comparing building performance across the 68 facilities according to 
year, floor space, climate zone, state or local area, EUI’s, and Energy Star Ratings.  This will 
formulate a resource database useful for the Air Force to understand how each building performs in 
various climates.  Also, this comparison will aid in planning for future efficiency or major renovation 
efforts as the data illustrates average building energy performance metrics.  These common metrics 
are collaborative results from analyzing the HFD’s energy reduction strategies, the building energy 
performance datasets from the Energy Star Portfolio Manager Database and retrofit costs from the 
case studies. 
 2.4.1 Diagnostics  
Identifying deficiencies in building systems is one of the primary goals in order to understand costs.  
By identifying deficiencies owners are able to estimate the dollars for mitigation and prioritize 
according to need.  Some suggest that a combination of experience and rigorous preventive 
maintenance are the key to synchronizing building systems while others claim newer or more 
sophisticated and comprehensive methods are better.  No matter the method there are costs 
associated with troubleshooting – time or money.  Today, even the most sophisticated automated 
systems are subject to some level of malfunction.  High efficiency equipment and sophisticated 
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automated controls have proven to be valuable energy efficiency solutions, but only when the 
systems are in unison.  Many studies confirm significant energy reductions can be achieved, but 
alternatively caution the need for proper routine maintenance checkups and follow ups to system 
mal-function alarms.  So how do we ensure building systems are functioning properly?  Whole 
building retro-commissioning is one way to identify operational problems in existing buildings.  
According to the an LBNL study,  the median cost for delivering commissioning services for 
existing healthcare facilities is $.30/ft2 according to 2009 prices.  Although costs may vary depending 
of the complexity of systems, other sources note these services can range from as low as $0.50 per 
square foot up to $2 per square foot with payback periods often less than five years (Gilmer 2006).  
However, retro-commissioning case studies and interviews with the HFD confirm healthcare 
buildings average a diagnostic cost of $1 per square foot, therefore I use this as the diagnostic cost 
metric.  
2.4.2 Retrofit Types and Costs  
 
The next objective establishes a link between retrofit measures and retrofit costs.  Since a majority of 
the deficiencies from the retro-commissioning reports relate to HVAC, I determine that the 
appropriate strategy is to continue analyzing HVAC.  Also, I conclude that the latest strategies from 
the literature review and the impacts from HVAC retrofits over the past years suggest there is much 
more to be gained.  Therefore, I set out to compile a list of the top HVAC retrofit measures in use 
across the AF healthcare building inventory - refer to Figure 2.38. The figures represent the percent 
of AF healthcare buildings that have seen specific retrofits or measures since late 2008.  For 
instance, according to the HFD 75% of the AF building inventory has seen extensive work in BAS 
controls due to outdated controls requiring replacements in order to keep up with higher energy 
efficient HVAC equipment and the need for “fine tuning”.  In 65% of the buildings, resetting 
setpoints and scheduling night and weekend setbacks continue to resonate among one of the top no 
cost strategies with huge energy saving opportunities and high return on investments.  The process 
of testing and balancing for water and air side occur in 50% of the buildings.  These are generally 
standard protocols for any retrofit or renovation and can generate significant savings as well.  In 
45% of buildings VFD’s are in use to optimize the power consumed by HVAC fans, speeding up or 
slowing down the fan based on climate demands of the space under control, 35% of buildings 
receive AHU upgrades and 25% of the building inventory benefits from economizer installations, 
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pump replacements and chiller replacements.  According to these percentages it is clear that much 
more HVAC work can be done across the AF building inventory.   
 
Figure 2.38: Top HFD HVAC Energy Reduction Strategies  
Source: HFD 
 
Figure 2.39 shows the energy savings from each retrofit measure qualitatively in separate categories.  
The categories high, medium and low are a representation of average energy savings as a result of 
that specific strategy effort from the 2009 baseline to 2012.  According to interviews, replacing older 
less efficient pumps, chillers and boilers with new higher efficiency units generate the highest energy 
savings.  Implementation of temperature setpoints and night/weekend setbacks, upgrades and “fine 
tuning” of BAS controls and installation of economizers generate medium savings.  Interestingly, 
two of the three represent the relatively low cost and no cost measures from previous case studies.                  
  
Figure 2.39: HVAC Energy Saving Metrics  
Source: HFD 
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A cost range for HVAC retrofits is also an important metric to establish.  By establishing this metric, 
I would be able to understand the funding efforts for reaching the current conditions.  Additionally, 
this data would be useful in determining potential costs for buildings with HVAC system 
deficiencies.  According to the cost data from the case studies, the cost for HVAC retrofits ranges 
between $.029 per square foot up to $24.63 per square foot and an average of $12.46 per square 
foot.  Thus, this average cost is used as a common metric for retrofit work.    
 
Establishing a resource database is equally important as the other metrics.  Table 2.8 and 2.9 
illustrate common metrics for Air Force healthcare buildings including age ranges, median EUI, 
Energy Star Rating and size for 14 hospitals and 54 clinics in the U.S. and outside the U.S.  These 
comparisons aid in understanding our current status, but most importantly will aid in planning for 
future efficiency or major renovation efforts.  Since building energy performance is the main focus, I 
organize the building data and energy metrics according to ASHRAE’s 90.1 climate zones.  Median 
values are selected in lieu of mean values to show consistency with earlier CBECS comparisons.  
Interestingly, this data reveals that a majority of hospitals with the highest EUI’s are in climate zones 
CZ3, CZ7 and outside the United States, but also reveals those are among the largest in size as well.   
  
Table 2.8: Common Metrics for Hospitals according to Climate Zone 
Climate Zone  
(ASHRAE 90.1) 
Number of  
Bldgs. 
Building Age  
Range  
Current Median  
Site EUI 
(kBtu/sf) 
Current  
Median   
ES  
Rating 
Median  
Building  
Size (sf) 
      
CZ1  0 N/A N/A N/A N/A 
CZ2  3 1950 - 1968 146 77 735,130 
CZ3  2 1950 - 1989 194 61 613,740 
CZ4  4 1950 - 2006 177 52 219,748 
CZ5 2 1956 & 1989 168 54 475,525 
CZ6  0 N/A N/A N/A N/A 
CZ7  1 1958 294 13 457,198 
CZ8  0 N/A N/A N/A N/A 
Outside US 2 1975 &1994 249 41 154,644 
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Figure 2.9 reveals that almost half of the clinics are located in climate zone CZ3.  Additionally, it 
also shows that the lowest performing clinics are located in CZ3, CZ5 and CZ7.  Remarkably, most 
of the Energy Star Rating averages fall within the average performing rating of 50.  Figure 2.40 is 
shown to provide reference boundaries and designations of ASHRAE’s climate zones within the 
United States.  An additional data set showing further breakdown of all 68 facilities with building 
energy performance and characteristic is provided in Appendix A. 
 
  Table 2.9: Common Metrics for Clinics according to Climate Zone 
Climate Zone  
(ASHRAE 90.1) 
Number of 
Bldgs. 
Building Age  
Range  
Current Median  
Site EUI 
(kBtu/sf) 
Current  
Median   
ES  
Rating 
Median  
Building  
Size (sf) 
      
CZ1 1 1950 84 63 77,640 
CZ2 7 1950 - 2008 112 58 80,799 
CZ3 21 1950 - 2004 131 47 99,312 
CZ4 9 1950 - 2001 99 49 102,000 
CZ5 6 1950 - 1993 127 45 87,659 
CZ6 4 1950 - 1977 88 58 112,782 
CZ7 2 1950 & 1988 123 59 137,047 
CZ8 1 1986 64 70 71,392 
Outside US 3 1994 - 2007 107 43 117,508 
 
 
Figure 2.40: ASHRAE 90.1 Climate Zone Map 
Source: GreenZone (http://www.greenzone.com/general.php?section_url=12) 
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2.5 Challenges 
 
The specter of more expensive energy, along with concerns of future energy increases in hospitals 
continues to renew interests in finding more efficient ways to use it.  While many people focus on 
opportunities that require high-tech new systems, some suggest there is a great potential to reduce 
energy consumption by using existing and low cost technologies many of which have been listed in 
previous sections.  So one may wonder why healthcare buildings both civilian and military continue 
to struggle with meeting energy efficiency goals?   
 
Challenges for achieving energy efficiency in existing healthcare facilities vary according to each 
organization.  Often, energy efficiency is not a top priority for most organizations since other 
healthcare related issues take precedence.  Some challenges relate to the provision of medical 
services or operational mission.  For instance, these buildings operate continuously with highly 
robust lighting, electrical, mechanical and include redundancy systems in order to meet operational 
needs of medical staff and compliant patient care.  Other challenges relate to organization 
constraints or the fulfillment of their primary mission or in this case - patient health care.  Since 
health care is viewed as life and death business; the perception of medical needs generally trumps all 
other considerations.  Issues that specifically relate to the legacy of existing facilities are also of 
major concern.  Healthcare building stocks are typically old ranging from 50 to 100 years old; some 
are historical landmarks limiting options for energy efficient renovations and requiring costlier 
retrofits.  They have long lifetimes with HVAC systems designed in most cases to accommodate 
expansion and reconfiguration, but unpredictable changes in space use.  If we include the perception 
that many are uniquely designed, then this makes it tougher to apply lessons learned or investments 
in more efficient systems.  Another challenge is that healthcare buildings are exposed to multiple 
codes, standards and regulatory organizations.  In addition to code requirements, facilities in the U.S. 
are designed according to guidelines such as Guidelines for Design and Construction of Health Care 
Facilities of the Facility Guideline Institute.  All are subject to accreditation by the Joint Commission 
on Accreditation of Healthcare Organizations (JCAHO) or other accreditation bodies.  Often 
owners hold off on energy efficiency retrofits since they can trigger additional code requirements for 
more extensive upgrades.  Mechanical and ventilation code requirements pose additional constraints 
as well.  For instance, to maintain or reduce the risk of infection higher ventilation rates, pressure 
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differences between spaces and relative humidity limits must be carefully controlled.  In addition, 
healthcare buildings (hospitals and sometimes clinics) must be self-sufficient during emergency and 
include requirements for back-up generators and uninterrupted power for some services which may 
add inefficiency to the electrical systems (Singer and Tschudi 2009).  
 
Although not an extensive list, the challenges above are not exclusive to civilian sector healthcare 
buildings.  Air Force healthcare buildings face similar challenges, perhaps with even further 
complications triggered by mission continuity (no gaps to mission objectives).  In earlier sections, 
the HFD’s approach involves prioritizing and determining building needs according to patient 
safety, mission continuity, code compliance, energy efficiency and aesthetics – in that order.  This 
prioritization trumps energy efficiency when limited funds are available and at a time when everyone 
is being tasked to do more with less this often becomes a reality.  Another critical challenge points to 
the total number of AF healthcare buildings in operation today.   In recent years, there has been a 
significant effort to reduce the Air Force Medical Service building footprint and it is smaller yet 
without compromising the level of patient care.  Still in comparison to other organizations with 
much less building inventory to manage and operate, managing energy efficiency retrofits for 68 
facilities and over 12 million square feet of building space becomes an intense challenge.  For 
instance, consider the HVAC system equipment that every Air Force healthcare building operates 
and maintains.  If each building houses at least two chillers, two boilers and two cooling towers, then 
this equates to over 400 major HVAC system components subject to aging and most likely at some 
point requiring significant repairs or upgrades.  Despite the vast number of facilities or potential 
limitations on funding, the HFD continues to push forward with an energy efficient mindset.   
2.6 Results 
This chapter documents the state-of-the-art process and set out to answer what energy reduction 
strategies the Air Force HFD uses during a four year period to reach the current condition for 
healthcare facilities?  To answer this, series of interviews, case studies and building energy 
performance database sets are used in determining this state-of-art process.   
 
The results reveal the use of an informal strategic energy master plan (SEMP) set in late 2008.  
According to this plan, the use of various strategies transpires across the AF building inventory.  
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First and foremost, the analysis shows that all building systems contribute towards the overall energy 
reductions, but also clarifies that the HVAC system yields the highest energy use intensity (EUI) 
reductions.  As a result of these efforts, an aging AF healthcare building inventory has been able to 
experience a 15% reduction in energy use intensities.  To emphasize this larger framework, Figure 
2.41 represents the results from the HFD’s invaluable efforts.  To quantify this EUI reduction, I 
compare the 2009 baseline site energy use (MBtu) to the 2012 current site energy use (MBtu) for all 
68 facilities.  According to the Energy Star Portfolio Manager Database, the difference between the 
current 2012 site energy use and the 2009 baseline level is a remarkable 3,577,411 MBtu’s.  To 
illustrate the quantities according to the Air Force’s energy efficiency strategy from earlier sections, I 
breakdown the total as follows: HVAC 90%, electrical 5%, building envelope 3% and lighting 2%.   
 
 
Figure 2.41: Total Site Energy Use Reductions from Baseline according to Building System 
Source: ESPM 
 
To decompose this site energy use (MBtu) to more user friendly common metrics, I break it down 
to electricity and natural gas. Figure 2.42 shows the reductions in electricity and natural gas 
consumptions from the 2009 baseline levels.  According to the ESPM database, there is a 7.7% 
reduction in electricity (25.5 million kWh) and a 45% reduction in natural gas (34.9 million therms) 
from the 2009 baseline levels.  To break these down even further within a more user friendly 
context, I use the following U.S. Environmental Protection Agency website that provides 
equivalency results http://www.epa.gov/cleanenergy/energy-
resources/calculator.html#resultswww.epa.gov.  Accordingly, 25.5 million kWh is equivalent to CO2 
emissions from electricity use of 2,693 homes for one year (18 metric tons of CO2 equivalents).  
Similarly, 34.9 million therms of natural gas is equivalent to CO2 emissions from electricity use of 
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26,123 homes for one year (175 metric tons of CO2 equivalents).  These totals are staggering and yet 
only begin to underscore the real impact – dollar savings.  The cost savings calculations use 2012 
national price averages for commercial buildings reflecting electricity prices at $0.12 per kWh and 
natural gas prices at $1.00 per therm.  The cost savings are remarkable as well.  Cost savings from 
2009 to 2012 for electricity equal $3 million and cost savings for natural gas equal $34.9 million 
yielding an impressive total of $37.9 million with a 12.6% return on investment.     
       
A: Energy Savings                                                                      B: Cost Savings 
Figure 2.42: Total Energy Savings and Total Cost Savings ($) per End Use 
Source: ESPM 
 
Figure 2.43 shows the annual energy savings from the 2009 baseline levels through the end of 2012.  
This analysis reveals that there is significantly higher energy savings (%) in natural gas when 
compared to electricity.  This is consistent with the case study results where the average natural gas 
savings are 13% higher than those from electricity.  This analysis also reveals that the reductions in 
electricity consumption are lower than I would have expected.  However, it does help confirm that 
future increases in healthcare building energy use by in 2015 and further are eminent. 
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Figure 2.43: Annual Energy Savings Comparison from 2009 Baseline per End Use 
Source: ESPM 
 
Also noteworthy to point out is that Whole Building Retro-Commissioning and Engineering 
Analysis serve as the diagnostic processes to identify deficiencies across the Air Force building 
inventory.  In addition, these serve as the primary diagnostic method for the case studies.  According 
to the results from one WBRC and one EA case studies, the HVAC retrofit measures lead the way 
towards achieving an astonishing 64% in EUI reductions.  Figure 2.44 compiles and compares the 
case study results illustrating reductions in electricity, natural gas and energy use intensity (EUI) for 
each clinic.  Electricity reductions range from 14% (CHC16) to 47% (CHC22/C3), but are 
significantly higher as a result of diagnostic services.  Natural gas reductions range from 16% 
(CHC18) to 78% (CHC22/C3) and are also higher for those clinics with diagnostic services.  The 
results here clarify the vital impacts HVAC specific retrofits and various strategies have on building 
energy use reductions, but more importantly their impact to EUI reductions.  Energy use intensities 
in these case studies decrease by at least 40% and as much as 64% illustrating superior achievements 
above the 30% minimum targets.  The category ‘WBRC & EA HVAC’ marks the results from 
HVAC retrofit work by retro-commissioning and Engineering Analysis and ‘HVAC’ accounts for 
work with no formal retro-commissioning services.  This chart does not reflect the results from 
hospital H13 case study in order to keep separate metrics. According to the results, a majority of 
reductions (up to 78%) occur in natural gas consumption, but due to higher electricity prices most 
of the cost savings come from a reduction of electricity consumption.      
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Figure 2.44:  Case Study Energy Reductions per Strategy and Facility 
Source: (Results based on 4 Case Studies:  Retro-Cx HVAC results based on CHC22 highest energy reductions – C3 Electricity = 12%, 
Natural Gas = 40% & EUI = 12%; CS = Central Steam) 
 
 
Figure 2.45 shows the average reductions in EUI, natural gas, and electricity from the 4 clinic case 
studies.  To calculate averages, I add the percentage results in EUI’s, natural gas and electricity for 
each clinic.  As a result, the HVAC retrofits yield impressive average reductions of 43% for EUI, 
39% for natural gas and 26% for electricity.  In effect, I conclude that average reductions of 39% 
plus 26% equate to 43% EUI reductions.   
 
Figure 2.45:  Case Study Average Reductions    
Source: ESPM 
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Figure 2.46 shows the total energy and cost saving from case study results.  According to the ESPM 
database there is a decrease of over 4.4 million kWh and 23.5 million cubic feet of natural gas use.  
To calculate cost savings, I use the same price indices per kWh and cubic feet from previous 
sections and as a result cost savings at these 4 clinics over a period of 3 years totals $635,000.   
 
      
                   A: Energy Savings                                               B: Cost Savings 
 
Figure 2.46:  Case Study Energy and Cost Savings per End Use 
Source: (Results based on 4 Case Studies:  Central Steam not included) 
 
Additionally, results from the case studies show retro-commissioning services prove to be 
worthwhile investments.  As a diagnostic tool, the return on investments (ROI) for Clinics CHC22 
and C3 are 40% and 276% far exceeding typical industry averages of 30%.  With retrofit costs the 
ROI drops to 6% and 10% respectively with longer payback periods, but is presumably justifiable 
indirectly by increases in patient and staff comfort and directly by the energy savings.  When I 
calculate the ROI for HVAC retrofit work only, the ROI’s are 7.3% for clinic CHC22 and 11.3% for 
clinic C3.  For clinics CHC16 and CHC18 with no retro-commissioning fees the return on 
investments are 3.7% and 244% respectively - the latter due to significant low or no cost measures.  
The higher ROI of 244% illustrates the endless benefits from simple yet powerful measures such as 
reemphasizing energy awareness to staff, night and weekend temperature setbacks and turning off 
unused or unnecessary office or medical equipment. 
Also, a list of lessons learned is provided to promote the recurrence of desirable outcomes and 
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work and recommend corrective actions.  According to the U.S. Army Center for Army Lessons 
Learned, lessons learned are “knowledge gained through experience, which if shared, would benefit 
the work of others”.  The list is not exhaustive, but serves to capture key on-site field knowledge 
experience from engineers and facility management staff working to achieve efficiencies in Air Force 
healthcare buildings.    
1. Temperature setpoints and setbacks are the single most effective ways to reduce energy use.  
Setpoints tend to deviate constantly and are difficult to track due to the lack of monitoring 
systems.  Accurate feedback loop monitoring system capable of reporting data to headquarters 
personnel with facility thermostat temperatures during normal and after hour operations 
including the ability to override setpoints and setbacks remotely are necessary.   
2. Restricting retrofit scopes that keep existing BAS controls and mixing old with new control 
systems limit full operational efficiencies.   Consistent and complete upgrades or replacements to 
BAS controls must be included when developing scopes of work.         
3. Monitor building pressurization regularly to ensure positive pressure is maintained for air quality, 
occupant comfort and energy savings.  Slight adjustments to the buildings’ exhaust, intake and 
flow capacity should be carefully measured to avoid negative building pressurization.       
4. Building inventory benchmarking through Energy Star Portfolio Manager is invaluable for 
tracking energy performance.  However, there is no comprehensive database available that helps 
establish common metrics across all AF healthcare buildings according to size, location, age and 
energy use.  Expand AF database that compares military healthcare building’s performance 
(kBtu/sf) and energy costs ($/kBtu) (considering size and age) to civilian healthcare facilities in 
the local areas or state.  Establishing these common metrics will aid in validating impacts from 
energy efficiency retrofits.           
5. Building energy assessments in the form of WBRC or Engineering Analysis are crucial as 
diagnostic tools.  Assessments are conducted only to remedy operational anomalies.  Adopting a 
systematic approach to ensure building systems are operating within design parameters and 
identify new opportunities should be considered.      
6. Technology is not always the answer; no amount of technology innovation is able to compensate 
for the human factor.  A balanced approach for energy efficiency considers occupant behavior.   
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In summary, the results in this chapter answer the Air Force’s state-of-the-art, but more importantly 
also confirm that through the use of simple and some more complex HVAC retrofits significant 
energy savings, reasonable high return on investments and EUI targets are achievable.  In fact, the 
results show reductions far exceeding the 30% targets.  In effect, I conclude that an average of 65% 
energy reductions equates to an average of 43% EUI reductions.  A key observation to point out is 
that these results have a direct impact to the Air Force’s mission effectiveness and serve to remind 
us about the bottom-line; real tax dollar savings while reducing our greenhouse gas emissions 
footprint.       
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Chapter 3  
3 Strategic Analysis   
3.1 Overview 
In the last chapter an extensive analysis is conducted in order to identify, document and analyze the 
latest energy reduction strategies from the HFD to reach 15% EUI reductions.  Despite all their 
efforts the results still reveal a 15% EUI shortfall that merits further consideration if it is to be 
achieved by 2015.  Although a strategic energy master plan exists this chapter takes a second look to 
analyze if the initial framework needs updating or accelerating in order to meet the 2015 deadline.  
With this in mind this chapter aims to answer the following questions: How do we prioritize the 
building inventory, identify the key strategies, estimate cost implications and timeline schedules in 
order to achieve the 30% EUI reductions by the 2015 deadline?   
3.2 Methodology 
To answer the following questions, I use a similar approach from the previous chapter.  Interviews 
with various departments within the HFD are conducted and datasets with each building’s energy 
performance are extracted from the Energy Star Portfolio Manager Database.   The focus is to 
analyze each building’s energy performance in order to classify and prioritize the building inventory.  
To identify key strategies and estimate costs with timeline schedules, results from case studies, 
literature review, lessons learned and common retrofit metrics from the previous chapter help to 
propose a plan towards compliance.   
3.3 Classification & Prioritization 
3.3.1 EUI reduction & Energy Star Rating  
 
In order to classify each building’s energy performance, I compile datasets with energy use 
intensities from the ESPM database for each facility.  The current 2012 energy use intensities are 
compared with 2009 baseline levels.  This baseline establishes initial building performance 
benchmarking of energy use intensities for all 68 healthcare buildings.  In order to facilitate showing 
data for all 68 facilities, buildings are first divided into three categories: those who achieve a 
minimum of 30% EUI reduction, those who achieve EUI reductions between 10% - 30%, and those 
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with less than 10% EUI reductions.  Figure 3.1 through 3.3 show the EUI difference from baseline 
levels for each category.  According to the data, there are 14 facilities (hospitals and clinics) that 
achieve a minimum of 30% EUI reductions, 23 facilities with 10% - 30% EUI reductions, and 31 
facilities with less than 10% EUI reductions.  Since the primary focus is to realize a 30% EUI 
reduction and prioritize according to facilities who did not reach their target EUI, the facilities in 
Figure 3.1 are separated from any further analysis primarily since their Energy Star Ratings indicate 
above average performance – except for clinic C2.  According to the ESPM database, there are a 
total of 8 out of 68 facilities who achieve the Energy Star Rating of 75 or above.  The intent for 
showing this rating is to clarify that a 30% EUI reduction does not necessarily equate to an Energy 
Star Rating of 75 or above, therefore both factors are considered in the next set of priorities.  For 
instance, clinic C2 realizes a 47% EUI reduction, but has an Energy Star rating of 24 due to a high 
baseline EUI of 362 (kbtu/sf) and still a high current EUI of 191 (kBtu/sf).  Only 3 of the facilities 
in this category reach a score of 75, while 2 are currently holding a score of 74 and 8 facilities hold 
average ratings.  
 
                                                        H = Hospitals, C = Clinics, CHC = Clinics in Hospital Chassis 
 
Figure 3.1: AF Healthcare Facilities with (-30%) EUI reduction from Baseline 
Source: Energy Star Portfolio Manager Database  
 
Figure 3.2 and 3.3 indicate that a majority of the healthcare facilities experience some level of EUI 
reductions except for 15 of those shown in Figure 3.3 whose EUI’s actually increase from the 2009 
baseline levels.  Figure 3.2 shows 4 facilities achieve an ES rating of 75 or above, but also reveals 
that even with substantial EUI reductions most of them fall within average rating scores.  Figure 3.3 
reveals further disparities between EUI reductions and ES ratings.  Here only 1 facility out of 31 
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achieves a rating of 76, 9 facilities fall within above average ratings and 21 facilities rank well below 
average ratings.  The intent of this data is to show a snapshot of each facility’s energy performance 
and a reference point from which other criteria will further evaluate and prioritize the building 
inventory.   
 
Figure 3.2: AF Healthcare Facilities with (-10% - 30%) EUI reduction from Baseline 
Source: Energy Star Portfolio Manager Database  
 
 
Figure 3.3: AF Healthcare Facilities with less than (-10%) EUI reduction from Baseline 
Source: Energy Star Portfolio Manager Database  
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3.3.2 Other Prioritizing Criteria 
 
Since the 30% EUI target reductions need to be achieved by 2015, I evaluate the building inventory 
further according to criteria that accounts for new or major construction efforts within the next 
couple of years or prior to 2015.   The intent is to depict an accurate representation of building 
prioritization needs considering facilities with replacement schedules, ongoing major renovations or 
those with major renovations scheduled by 2015.  With this in mind, I consider older facilities are 
demolished once the new replacement building is built.  Therefore, why make significant 
investments in any facility scheduled for demolition in two years?   
 
Newer healthcare facilities built in 2006 are generally designed to meet higher sustainability and 
energy performance targets to include LEED Silver and a minimum of 30% above ASHRAE 90.1 
requirements.  Figure 3.4 shows the mean energy use intensities for 68 healthcare facilities according 
to age.  This shows that newer hospitals built from 2000 to 2009 with an average EUI of 125 
kBtu/sf are performing better than older facilities.  Similarly, newer clinics built from 2000 to 2009 
are generally performing better than older facilities as well.    
   
Figure 3.4: AF Healthcare Facility EUI Comparison According to Age  
Source: Energy Star Portfolio Manager Database  
 
I conduct six simple case studies to further illustrate the building energy performance differences 
between some of the newer facilities to older ones.  Figure 3.5 shows the differences in EUI’s 
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and sustainability requirements.  Each pair of facilities has similar building characteristics except for 
the year of construction.  For instance, clinics C20 (2008) and C17 (1999) have similar square 
footages, location and number of employees.  According to the ESPM database, the EUI from clinic 
C20 is approximately 23% less than clinic C17.  Similarly, clinic C18 (2007) and C14 (1979) have 
similar building characteristics.  When I compare the EUI from clinic C18 (newer) to clinic C14 
(older) there is a huge difference.  The newer clinic shows an impressive 43% less site energy use 
than the older one.  The same is evident when the two hospitals H13 (2006) and H2 (1975) are 
compared.  Shockingly, the EUI from hospital H13 is nearly 60% lower than hospital H2.  Although 
no further effort analyzes modernization work for older facilities, interviews with headquarters staff 
indicates there has been major renovation work or building system upgrades since the year of 
construction.  I observe at this point that protecting renovation investments with the use of a 
systematic diagnostic approach for maintaining energy performance is a crucial step towards 
achieving the targeted goals by 2015.  Additionally, since older facilities meet the minimum code 
requirements this comparison may serve to confirm that newer facilities may indeed perform 30% 
above ASHRAE standards.   
 
Figure 3.5: EUI Comparison for Healthcare Facilities Built Before 2006 and After 2006   
Source: Energy Star Portfolio Manager Database  
 
Facilities undergoing major renovations trigger similar energy performance requirements.  Federal 
policy mandates that all federal buildings that undergo major renovations must be 30% more energy 
efficient in comparison to ASHRAE 90.1 standards.  To evaluate the impacts from major 
renovations I conduct two case studies.  Clinic CHC2 is originally designed to meet ASHRAE 90.1 
and its performance prior to a major renovation serves as the baseline.  This clinic is located in 
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in 2009 and ends in 2011 and by the end of the renovation the energy use intensity drops 64%.  
According to the ESPM database, the EUI starts at 219 (kBtu/sf) and drops to 79 (kBtu/sf) with an 
Energy Star Rating increase from 34 to 81.  Figure 3.6 shows the electricity consumption before and 
after the major renovation.  According to the data, there is a 60% decrease of electricity in 2012 
from to 2009 levels and a cost savings of $405,974.  The renovation is due to a mission change 
downgrading this building from a hospital to a clinic and includes major upgrades or replacements 
to the HVAC system, lighting system and interior architectural aesthetics.  For instance, there is 
higher efficiency chiller and boiler replacements, replacement of pumps with variable speed drives, 
repairs and replacements to AHU’s and variable frequency drives, cooling tower repairs, and BAS 
controls upgrades.  Also, there are new lighting controls and more efficient lighting fixture 
installations including a reduction of lighting power densities through-out the clinic.  The reduction 
in natural gas consumption is even more remarkable – refer to Figure 3.7.  According to the data, 
natural gas consumption drops nearly 90% from 2008 yielding over $200,000 in cost savings.    
 
Figure 3.6: Clinic CHC2 Electricity Energy Savings due to Major Renovation 
Source: Energy Star Portfolio Manager Database  
 
 
 
 
Figure 3.7: Clinic CHC2 Natural Gas Energy Savings due to Major Renovation 
Source: Energy Star Portfolio Manager Database  
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I conduct another case study analysis for clinic CHC13.  This clinic also benefits from similar major 
renovations and upgrades as clinic CHC2 and is due to the same justification – a downgrade in 
occupancy.  The renovation starts in early 2008 and ends in late 2009 with an energy use intensity 
decrease of 17% from 161 (kBtu/sf) to 134 (kBtu/sf) and an Energy Star Rating increase from 28 to 
42.  Figure 3.8 shows the electricity consumption before and after the major renovation.  According 
to the data, there is a 15% electricity reduction from 2007 to 2009 levels with cost savings of 
$82,204.  Interestingly, the data also shows that electricity increases in 2010 reiterating the 
importance of an ongoing systematic diagnostic process in order to maintain optimal operations and 
energy savings achieved.  
 
 
Figure 3.8: Clinic CHC13 Electricity Energy Savings due to Major Renovation 
Source: Energy Star Portfolio Manager Database  
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Figure 3.9: Clinic CHC13 Natural Gas Energy Savings due to Major Renovation 
Source: Energy Star Portfolio Manager Database  
 
Figure 3.10 shows the results from analyzing 68 facilities and accounts for those that have met the 
30% EUI reductions, under major renovations, scheduled for major renovations or scheduled for 
replacement by 2015.  Those scheduled for replacements or renovations are listed under the 
category “Under Construction”.  Based on the analysis, 14 total facilities are either scheduled for 
replacement or undergoing major renovations.  There are 19 total facilities that both met the 
minimum 30% EUI reductions or achieve the ES Rating of 75.  As a result, only 35 facilities under 
the category “Further Analysis Required” are evaluated further.    
 
Figure 3.10:  Other Prioritizing Analysis Criteria     
Source: Energy Star Portfolio Manager Database  
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data, 13 out of 14 facilities achieve more than 30% reductions with 10 facilities reaching over 40% 
reductions.  However, despite a 47% EUI reduction clinic C2 is still performing below average with 
a rating of 23 suggesting that the baseline 361 kBtu/sf EUI level was extremely high and further 
energy saving measures may be required to reduce energy intensities.    
  
 
Figure 3.11:  Prioritizing Analysis – EUI Reduction Impacts from Excluded Facilities       
Figure 3.11 shows there are 5 facilities that ‘achieve an ES Rating of 75’ or above and will not be 
evaluated further since their EUI’s are within CBECS levels and rank as top performers.  The 6 
facilities under the category of ‘new construction’ are scheduled for replacement within or by 2015 
and the existing facilities will be demolished.  According to earlier case study results that show newer 
facilities perform above ASHRAE 90.1 standards experiencing 20% to 60% lower EUI’s than older 
facilities; therefore, I project that these new buildings will operate at similar lower intensity levels.  
Similarly, based on the two case study results that show EUI reductions of 17% to 64% after 
renovations, I project the 8 facilities under construction or scheduled for major renovations will also 
achieve the same results.  Also noteworthy to point out is that the 8 facilities scheduled for 
renovation and 6 facilities scheduled for replacement shown in Figure 3.11 did achieve some EUI 
reductions.  Thus, in order to evaluate the EUI reductions necessary to achieve the 30% target for 
each facility I calculate the difference.  Interestingly, a 24% average EUI reduction will enable the 
Air Force to meet the 30% target which projections indicate is achievable in this case.   
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3.4 Facility Prioritization Plan 
After segregating the building inventory according to the criteria shown in Figure 3.11, the 
remaining inventory (35 facilities) is separated according to EUI reductions and Energy Star Ratings 
as shown in Figure 3.12.  The EUI appears in different bar chart colors as percentages along the left 
vertical side of the chart and the Energy Star Ratings are shown as dark circles with rating scores 
along on the right vertical side of the chart.  The approach is to prioritize the building inventory by 
analyzing both the EUI reductions and Energy Star Ratings.  In cases where buildings achieve some 
level of EUI reductions the ES rating becomes the determining factor.  For instance, the first tier 
range includes the facilities with less than an ES rating of 30, the second tier ranges between an ES 
rating of 30 and 50, and finally the third tier are those with ratings above 50.  As a result, 9 facilities 
with the lowest EUI reductions and the lowest Energy Star Ratings are categorized as Priority 1.   In 
this case, a majority of the facilities show increases in energy use intensities and as a result their ES 
ratings decrease.  The 13 facilities with average performance are categorized as Priority 2 since a 
majority of them experience EUI reductions and rank within ratings between 30 and 50.  Finally, the 
remaining 13 facilities with above average performance are categorized as Priority 3 since almost all 
of them experience energy reductions (except for one) and ES ratings above 50.  With this 
prioritization plan the next step is to propose a set of practical energy saving strategies that would 
aid in meeting target deadlines. 
 
Figure 3.12: Facility Prioritizing Plan    
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3.5 Strategic Plan Proposal 
From the literature review, Air Force case studies, HFD interviews and the data in earlier chapters, it 
is abundantly clear that there is no “single recipe” for energy efficiency.  Every energy reduction 
measure offers its own unique opportunities and challenges.  Some such as HVAC setpoints, 
setbacks, and changes in occupant behavior are no cost measures with potentially high returns, but 
difficult to implement, quantify or sustain.  Other measures or retrofits are more complex requiring 
significant effort and initial capital investment, therefore discouraging some owners from pursuing 
them.  Some would argue that the best practical approach is to capitalize first where the highest and 
most sustainable opportunities for energy reduction can be obtained and then objectively work the 
way down.  In this case, for the 35 AF healthcare buildings requiring some level of effort, I propose 
the same approach – HVAC and then other strategies the Air Force has yet to evaluate.   
 
Previous analysis reveals that energy reductions are as a result of targeting various building systems; 
building envelope, lighting, electrical and HVAC retrofits.  However, it also overwhelming confirms 
that HVAC is and continues to be the “lowest hanging fruit”.  In fact, case studies show that HVAC 
retrofits contribute as much as 78% towards energy savings, therefore significantly reducing energy 
use intensities and in some cases by as much as 64%.  The analysis of the whole-building retro-
commissioning reports also confirms that HVAC is the system to target.  According to these reports 
nearly 75% of the deficiencies relate to HVAC and successive estimates of utility savings also reveal 
a 10% return on investment.  Focusing on retrofits that target the HVAC system now may be the 
best course of action since they offer the highest energy reductions with almost immediate results.  
So how do we identify key strategies that will lead these 35 facilities towards energy reductions in 
hopes of meeting the target goals by 2015?  To clarify, this proposal does not intend to ‘predict’ 
what specific issues each facility may have as those will undoubtedly vary according to each facility, 
but rather attempts to identify the building system which is typically known to have the most issues 
– HVAC in this case.  Furthermore, it does not attempt to specifically identify in detail all the 
historic retrofits associated with each facility as this would require an enormous amount of time 
ordinarily falling outside of a master’s thesis timeframe.  The intent of this proposal is to develop a 
strategic plan that recommends a list of facilities with general energy saving measures, retrofits, 
estimated costs using some of the known common metrics and timeline schedules that would 
increase the likelihood of achieving the 30% targets by 2015.               
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Consequently, the general approach first focuses on those facilities under Priority 1, then Priority 2 
and Priority 3.   Without knowing any specific historical retrofit or conditions of each facility, the 
first step is to assess the state of each major building system and operation.  This will assist to 
highlight deficiencies in the building systems, clarify the level of work required, provide cost 
implications and repair schedules or reveal other non-technical deficiencies or processes requiring 
attention.  Once these buildings are assessed, no cost or low cost measures readily deployable and 
able to provide significant energy savings across the building inventory are recommended.  As a final 
step other strategies are to be considered and serve as a test pilot exercise in order to evaluate energy 
saving potentials.  In its simplest form, the following information aims to capture the entire strategy 
plan recommendations. 
 
3.5.1 Whole-Building Retro-Commissioning (WBRC) or Engineering Analysis (EA) 
Literature review and case studies reveal that WBRC assessments are able to generate 15% - 40% 
energy savings.  This is my first recommendation and intends to first understand what might be 
attributing to higher building energy use intensities by using this as a diagnostic tool.  The difference 
between WBRC and EA’s as diagnostic tools is essentially cost.  Generally, WBRC assessments are 
by third party contractors with costs of approximately $1 per square foot and do not include any 
work to repair any of the deficiencies.  On the other hand, EA’s are similar assessments ‘free of 
charge’ by experienced professional engineers at the HFD Engineering department and offer the 
same services.  The advantage to EA’s is that HFD engineers contain first-hand knowledge of the 
typical AF healthcare building systems.  Either assessment should be conducted at each of the 35 
facilities starting with those in Priority 1.  These assessments will assist in determining whether the 
lack of EUI reductions has been due to systems with mechanical deficiencies, lack of training 
initiatives for personnel or as a result of unwarranted mismanaged occupant behavior and 
awareness.    
3.5.2 No Cost or Low Cost Solutions 
No cost HVAC strategies such as setpoints and setbacks are the second recommendation. These are 
typically associated with some level of occupant behavior and are difficult to enforce.  Despite these 
challenges, case study results reveal setbacks alone yield significant savings ranging from 26% in 
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electricity to 66% in natural gas averaging close to 44% in building energy savings.  In this case, my 
recommendation aims to ensure that facilities comply with the appropriate HVAC setpoints, night 
and weekend setbacks.  However, this does not imply that facilities are not compliant, but rather 
assumes that more can be done to ensure better monitoring measures are in place for facility 
managers.  As a general strategy, all of the 68 facilities should participate in establishing and 
maintaining setpoints and setbacks.  While some data argues that people are most productive at 
temperatures between 72 degrees F and 77 degrees F, some suggest that temperature ranges between 
70 to 72 degrees F for heating and 74 to 76 degrees F for cooling may be more realistic (Anderson 
2012).  Healthcare buildings require different temperature setpoints for each set of functional spaces.  
So assuming that these temperature setpoints and setbacks achieve impressive savings the question 
is how do we monitor and enfore these?  At this point, there is no specific monitoring or tracking 
system in place that could aid in enforcing these standards.  A simple tactic may suggest the use of 
the “carrot or the stick” approach in which compliance is a result of incentivizing participation or 
simply put enforcing policy.  One item to consider is that temperature is not the only measure of 
comfort so evaluating relative humidity, air velocity and radiant temperature may offer some 
alternative reasons for determining why occupants may prefer higher or lower temperature setpoints.   
 
To describe the policy approach, one opportunity for ensuring compliance is to validate setpoints 
and setbacks during the EA assessments and establish a baseline level indicating if they differ from 
standards.  Then as a testing exercise, each facility would adhere to specific standards over a set 
period of time and evaluate differences in energy consumption.  Since each facility uses advanced 
utility meters it would be reasonable to assume that facility managers as well as headquarters 
personnel could track utility consumption.  As an added accountability measure facility managers 
submit monthly reports of energy consumption and include specific efforts they attempt.  For the 
incentivizing approach, one item for consideration is to offer personal time off or energy savings 
rewards for those individuals or facilities who reach target goals.  Further, with similar tactics by 
utility companies that capitalize on social stigmas by sending out a monthly ranking report that 
compares a user’s utility consumption with neighboring homes, perhaps a monthly ranking status 
report sent out to each facility that includes current Energy Star Rating and energy use intensities for 
all facilities may further motivate compliance.          
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3.5.3 HVAC Retrofit       
The third recommendation continues to target HVAC systems.  Since the condition of each building 
system would already be known via the WBRC or EA assessments and no cost solutions also would 
have already been evaluated, targeting the deficiencies in the assessments would serve as the next 
step.  Although these assessments may reveal that other building systems will require some level of 
retrofit work, the approach is to target HVAC systems and formulate a planning budget proposal 
using HVAC retrofit costs per square foot from the previous chapter.  Since 75% of the facilities 
benefit from upgrades or replacements of the Building Automation System (BAS) controls, this 
suggests that the capabilities for energy reductions through the use of sophisticated controls are in 
place and should be fully utilized.  Targeting any building envelope deficiencies would also be of 
significant importance since excess building infiltration or leakage would negate any operational 
HVAC retrofit efficiencies.  Additionally, based on the cost data from case studies, the average cost 
for HVAC retrofits is $12.46 per square foot and therefore is used for budgeting purposes.  The 
potential energy savings according to case study results are 26% for electricity and 39% for natural 
gas.  To calculate potential energy savings for 2013 through 2015, I collect 2012 annual electricity 
and natural gas consumptions from the ESPM database for each of the 35 facilities in the proposal 
plan.  As a result, based on U.S. national average prices of $0.12 per kWh for electricity and $1.00 
per therm for natural gas, the cost savings are approximately $3.2 million and $823,000 respectively 
yielding a total of $4.1 million.  Annual breakdowns are shown later in this chapter.   
 
3.5.4 Other Recommendations       
During the analysis I observe that a number of strategies have yet to be part of the HFD’s overall 
energy strategy plan.  Based on literature search a list of additional strategies is compiled.  Although 
not exhaustive, the list coincides with the most common strategies or measures in use today by the 
healthcare industry.  The recommendations include the following: ongoing commissioning or some 
form of ongoing whole building system diagnostics process, heat recovery applications, fault 
detection and diagnostic software, and the reduction of plug loads and standby loads.   
 
Retro-commissioning (RCx) or Engineering Analysis assessments are a vital first step since they 
diagnose building systems, document current operating requirements, improve how building systems 
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function together, provide mitigation measures for deficiencies and equip staff with knowledge and 
documentation of building operations.  However, studies have shown that it is not uncommon for 
buildings to shift from their designed operating parameters after RCx reducing energy savings by 
25% after 4 years (Friedman et al. 2010).  So how do we ensure buildings continue to operate within 
the designed operating parameters?  Ongoing commissioning (OCx) involves performing critical 
elements of the RCx process typically repeated over a series of two year cycles and is designed to 
ensure buildings continue to operate within those parameters.  Ongoing commissioning tracks, 
maintains and protects investments from RCx and identifies new opportunities.  Although the AF 
healthcare building inventory benefits from benchmarking and monitoring via the Energy Star 
Portfolio Manager online database, I conclude that all buildings whether through OCx or EA’s 
would benefit from this systematic and continuous diagnostic approach.  Additionally, since this 
ongoing process involves performing the most critical elements from RCx costs for OCx could be 
estimated less than the $1 per square foot for RCx assessments – perhaps half the cost.  
 
The application of heat recovery has yet to be evaluated as an energy saving measure for the AF 
healthcare building inventory.  Studies suggest that heat recovery techniques can significantly reduce 
energy consumption as part of an overall strategy (Carbon Trust 2011). Thus, a list of potential 
applications for hospitals and clinics is provided in Table 3.1.    
 
Table 3.1: Heat Recovery Alternatives 
System Installed Applications for heat recovery Description 
Boilers (hot water) Flue economizers 
 
Hot water boiler flue economizers recover heat from flue 
gases. Condensing gas-to-water economizer: return water 
from the heating system is pumped through the heat 
exchanger tubes where it absorbs heat from the hot flue 
gases before being pumped into the boiler 
Ventilation Systems Plate heat exchanger 
 
 
 
Heat pumps 
 
 
Transfers heat between supply and exhaust streams of an 
AHU.  It recovers energy from extracted air that would 
otherwise be lost to the atmosphere and uses it to pre-heat 
(or cool) the incoming fresh air. Expected savings 38%. 
 
Heat pump coils remove heat or cool energy from one 
location and direct it to another.  A ventilation heat pump 
heat recovery system is built for efficient energy transfer 
from one air stream to another where the two systems are 
physically independent from each other.  Heating utility 
savings up to 60%. 
Source: Carbon Trust 2011 
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Heat recovery is the collection and re-use of heat arising from a process that would otherwise be 
lost.  Although not an exhaustive list, the heat recovery applications noted in Table 3.1 are typical 
recommendations for existing healthcare building retrofits based on literature searches.  These may 
serve as alternate approaches for the AF since estimates indicate that installing plate heat exchangers 
could reduce natural gas consumption by 38% and heat pumps by as much as 60%. 
 
Recently, there has been much interest in fault detection and diagnostics (FDD) software for 
maintaining HVAC systems at their optimal performance and reliability.  In this case, the process 
may serve to compliment HVAC retro-commissioning or function as a separate diagnostic tool for 
HVAC systems.  There are many studies that suggest operational faults are persistent across many 
building types wasting energy and increasing costs by as much as 30% (Katipamula and Gayeski 
2012).  The use of automated FDD tools (software) provide capabilities essential for detecting, 
correcting problems and eliminating associated energy waste and costs.  The software detects 
equipment faults, sensor failures, and control errors by utilizing existing sensors and controller 
hardware and employs artificial intelligence, deductive modeling and statistical methods to 
automatically detect and diagnose deviations between actual and optimal HVAC system 
performance (NIST 2011).  While the capabilities of BAS increase significantly across the AF 
building inventory, persistent high energy intensities reveal that perhaps these sophisticated controls 
still require “tuning”.  This tuning process occurs primarily by leveraging data collected through the 
BAS at little or no cost other than the labor required to make the necessary control changes making 
this an ideal and opportunistic strategy.  Additionally, since there has been a major focus to update 
the BAS and associated equipment components across the AF healthcare building inventory, then 
incorporating this type of software diagnostic capability would serve as an optional step towards 
maintaining optimal building performance.   
 
Further, according to a study by Pacific Northwest National Laboratory (PNNL) and KGS Building 
LLC (KGS) on the market deployment of automated FDD building diagnostics, preliminary user 
feedbacks indicate the greatest utility of this software would be in comparing the performance 
systems before and after retrofits – ideally one of the main focuses of this thesis and current energy 
target goals.  Although not an exhaustive list, this PNNL report notes there are a number of 
operational problems that can be automatically detected on a continuous basis: “1) unscheduled 
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operations of HVAC and lighting systems (running longer than needed); 2) improper economizer 
operations; 3) outdoor air intake not reset to zero (no ventilation) during morning warm-up or cool-
down; 4) optimal start/stop not working properly; 5) reset of chilled and hot water not properly 
implemented; 6) higher static pressure than necessary to meet the building needs; 7) exhaust fans 
running all day (24x7); 8) faulty sensors; 9) improper set points; 10) improper control loop tuning; 
11) variable speed equipment running at constant speed; 12) overrides of set points, dampers, valves, 
etc.; 13) simultaneous heating and cooling; and 14) excessive use of reheat” (Katipamula and 
Gayeski 2012).  Surprisingly, a majority of these operational deficiencies are identified with WBRC 
and EA assessments suggesting that this tool may ideally compete with typical retro-commissioning 
services. 
 
Little is known about plug load power consumption or specifically medical equipment plug loads 
and standby loads in healthcare buildings.  Previous chapters note the importance of understanding 
plug load consumption and most importantly suggest that building owners should not overlook this 
as a possible energy saving strategy.  Through retrofit efforts, buildings have shown to reduce 
lighting and HVAC loads by as much as 50% and research indicates unregulated plug loads in high 
efficiency buildings have been estimated at around 40% of the remaining building load.  In fact, 
there are those that suggest that plug load reduction may be the next big hurdle to net zero energy 
building design (Kaneda, Jacobson, and Rumsey 2010).  Some promising technologies include the 
use of occupancy sensor controlled multi-receptacle plug strips which automatically shuts off power 
when no user is present, occupancy sensor single receptacle controlled outlet and power sensing 
multi-plug strips which turns off outlets when power use has dropped.  Also, although most likely 
not standard practice for most healthcare buildings perhaps complete shutdown from computers 
and medical equipment in lieu of stand by modes during the night may serve to reduce electricity 
plug loads.  In light of this, I recommend more plug load studies be conducted at AF clinics and 
hospitals in order to fully understand how medical equipment plug loads and standby loads can aid 
in reducing energy use.   
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3.5.5 Strategic Plan, Costs and Schedules      
Table 3.2 consolidates all the data from this chapter and shows a proposal plan for all 35 facilities 
according to Prioritized categories.  It includes the number of facilities, strategies or retrofits, 
estimated assessment costs and retrofit costs per year.  This proposal leverages results from 
common metrics noted in earlier chapters and uses them to recommend strategies, calculate energy 
assessment fees, retrofit costs and savings. 
 
Table 3.2: Strategic Plan Proposal 
  2013 2014 2015 
1 Facilities Priority 1: (9 Facilities) Priority 2:  
(13 Facilities) 
Priority 3:  
(13 Facilities) 
2 Strategies - Diagnostic  
- No Cost Measures  
- HVAC retrofit  
- Heat Recovery  
Same Same 
3 Diagnostic Cost ($ millions) $1.1M 
 
$1.5M 
 
$1.7M 
 
4 Retrofit HVAC Cost ($ 
millions) 
$14M  $18M 
 
$7.2M 
C25,C22,C13, 
CHC13,C21, 
CHC19 
5 Total Cost ($ millions) $15.1M $19.5M $8.9M 
6 Projected Energy Savings (8.5M kWh, 531, 000 therms; 
included in 2014) 
18.5M (kWh) 
789,000 (therms) 
8.7M (kWh) 
96,000 (therms) 
7 Projected Cost Savings ($1.5M - included in 2014) $3M $1.1M 
     
The facilities are shown according to Priority 1 to 3 and years 2013 through 2015.  These 
recommendations consider the short timeframe constraints and their potential for rapid results with 
minimal impact to daily medical operations.  As a result, 9 facilities are selected for energy efficiency 
retrofits in 2013 with an estimated $15.1 million budgeting request, 13 facilities for 2014 with an 
estimated $19.5 million budgeting request and 13 facilities for 2015 with an $8.9 million budget 
request.  Therefore, the total budget request is $43.5 million.  For the 2015 facilities, I assume less 
efficiency retrofits would be required since their ES ratings are close to 70 or better.  Therefore, only 
6 facilities with the lower ratings and higher EUI’s are selected for budgeting purposes.  This 
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proposal suggests that achieving 30% EUI reductions is possible.  To illustrate, let us consider the 
results from chapter 2.  They reveal that HVAC retrofits yield average reductions of 43% for EUI 
due to average savings of 39% for natural gas and 26% for electricity – refer to Figure 2.45.   
In addition, the case study results also reveal that no cost measures such as night and weekend 
setbacks alone average 43.5% in monthly building energy savings (electricity and natural gas).  To 
clarify, the HVAC retrofit results do include the use of setbacks as a standard measure with the 
replacement or upgrades to the BAS controls.  However, since there is speculation of proper 
monitoring and compliance across the entire building inventory, then factoring a portion of these 
potentials becomes necessary, therefore I project that setbacks alone could save another 20% of 
building energy use.  Thus, I project that HVAC retrofits and no cost measures (setpoints & 
setbacks) collectively yield up to 85% reductions in building energy consumption and subsequently 
reduce EUI’s by 50%. 
 
Table 3.2 shows a breakdown of the projected energy savings and cost savings per year.  The 
projected energy savings and cost savings for the 9 facilities under ‘Priority 1 2013’ are shown in 
2014 and consider the timeframe completion of this thesis – June 2013.  In this case, the 8.5 million 
kWh and 531,000 therm energy savings and cost savings of $1.5 million would reflect in 2014.  For 
2014 (includes 2013 savings), projections estimate 18.5 kWh savings for electricity and 789,000 
therms for natural gas with annual cost savings of $3 million.  In 2015, projected savings of 8.7 
million kWh and 96,000 therms yield $1.1 million in cost savings.   
 
Figure 3.13 A and B show total projected energy savings potentials for electricity and natural gas.  
To calculate potential energy savings, I collect 2012 annual electricity and natural gas consumptions 
from the ESPM database for each of the 35 facilities in the proposal plan.  As a result, 26% 
reductions in electricity equate to 27.3 million kWh and 39% reductions in natural gas equate to 
886,899 therms.  The cost savings are even more impressive.  Based on U.S. national average prices 
of $0.12 per kWh for electricity and $1.00 per therm for natural gas, the cost savings are 
approximately $3.2 million and $886,899 respectively yielding a total of $4.1 million.  Therefore, with 
total cost savings of $4.1 million and $43.5 million in HVAC retrofit investments the projected 
return on investment is 9.4%.  Further, projected annual cost savings of $4.1 million would continue 
in the following years.   
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                   A: Energy Savings                                                     B: Cost Savings 
 
Figure 3.13: Projected Energy and Cost Savings per End Use 
 
Also noteworthy to point out is that not all of the 35 facilities experience a 30% EUI shortfall.  
Figure 3.13 compares each of the 35 facilities’ current EUI with baseline levels identifying their 
contributions and the necessary EUI to meet the 30% goal.  The results clarify that 40% or 14 
facilities experience at least 10 % energy use intensity reductions.  I calculate the average EUI 
necessary to meet the 30% target and based on the results every facility will need to reduce their 
EUI by 33% which is achievable according to projected EUI reduction potentials of 50%.  Also 
noteworthy to point is that there are 7 facilities with current Energy Star Ratings ranging from 68 to 
71 close to achieving the Energy Star Rating of 75.  Those are clinics CHC28, CHC25, C24, C15, 
C20, CHC26, and hospital H7. 
 
Figure 3.13: Site EUI comparison with 2009 Baseline Levels     
Source: ESPM 
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The approach for diagnostic costs assumes the worst case scenario where due to the short 
timeframe and limited HFD staffing third party WBRC services are acquired.  In addition, in order 
to select the appropriate method (WBRC or EA) requires more specifics about the condition of each 
HVAC system which is not known at this time.   
 
The HVAC retrofit costs reflect a “turn-key” product and include all the facilities under each 
Prioritized category except for 7 facilities under Priority 3.  The ES rating for those facilities range 
from 68 - 71 therefore I assume the level of retrofit work required for those will be minimal.  In 
addition, I also assume that no cost measures or ‘tuning’ the BAS as a result of the retro-
commissioning could potentially assist in increasing the Energy Star Rating to 75.  Recognizing that 
each HVAC retrofit work may take up to a year to complete, the facilities with more work are 
scheduled for 2013.  The costs here serve as a budgeting tool and estimate a rough order of 
magnitude.  Cost calculations use the average cost for HVAC retrofits in $/square foot and it is 
multiplied by the building size.  This approach assumes that each facility will require some level of 
HVAC work in order to achieve the projected energy savings.  No ongoing commissioning services 
or costs are included since those would generally occur after the retro-commissioning assessments 
and could be conducted on a systematic schedule by the HFD.   
 
3.6 Results   
This chapter sets out to answer how to prioritize the building inventory, identify the key strategies, 
estimate cost implications and timeline schedules in order to achieve the 30% EUI reductions by the 
2015 deadline?  Although a strategic plan exists from 2008, the analysis from this chapter suggests 
that the initial agenda requires updating and certainly accelerating in order to meet the 2015 deadline.   
To answer the following questions, buildings are classified and prioritized according to performance 
and costs and schedules are proposed.  The result is a strategic plan proposal that outlines a practical 
approach far exceeding compliance targets in 2015.  The plan includes recommendations based on 
proven results from industry best practices and Air Force case studies.  These recommendations 
project that no cost measures (setpoints & setbacks) and HVAC retrofits collectively yield staggering 
85% reductions in building energy consumption and subsequently reduce EUI’s by 50% far 
exceeding the 30% target.  As a secondary target, federal policy requires that 15% of the Air Force 
inventory meet the Energy Star Rating of 75 or above and according to the results 22% of the 
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building inventory will reach Energy Star Compliance with a rating of 75 or above by 2015. The 
budgeting proposal amount for each year is $15.1 million for 2013, $19.5 million for 2014, and $8.9 
million for 2015 totaling $43.5 million for a three year strategic plan.  Thus, projected annual cost 
savings are $3 million for 2014 and $1.1 million for 2015.  However, the projected savings continue 
past the 2015 timeframe and are estimated at $4.1 million per year.      
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Chapter 4  
4 Conclusion 
In addition to establish the Air Force healthcare buildings to lead among world-class high 
performance facilities, this thesis is undertaken with the desire to pair building energy performance 
from existing Air Force healthcare facilities with United States federal energy reduction targets by 
proposing a direct road map for improving the current conditions.  The research includes a wide 
literature search to understand the healthcare industry’s state-of-the-art strategy trends and 
investigates the same for the Air Force.  This work provides contributions to the field of energy 
intensities in existing healthcare buildings research and the analysis of energy intensities for existing 
Air Force healthcare buildings in operation.   
 
For the research community, a simple methodology is developed using readily available data such as 
facility benchmarking, utility consumption data and historical retrofit work to classify and prioritize 
building energy needs.  A compilation of literature resources ‘toolbox’ identifies key strategies with 
their energy savings potential.  Also, this work is intends to contribute to the larger discussion about 
the challenges healthcare organizations and the building sector face in reducing energy consumption 
with aging building inventories.  As discussed in the background section, many owners share 
concern about future energy consumption and costs.  According to official energy statistics from the 
U.S Energy Information Administration, energy consumption is expected to increase 3% by 2015 
and up to 17% by 2035.  Also, recent updates from the construction industry confirm that building 
new is costlier than renovating forcing healthcare organizations to look for simple and yet innovative 
solutions.  However, the results in this thesis confirm that existing healthcare buildings can achieve 
significant reductions mostly by adopting a holistic approach that performs systematic building 
diagnostics and in this case targets deficiencies within HVAC systems. 
 
For the Air Force, this thesis consolidates data from 68 healthcare buildings from multiple agencies 
and documents its vital state-of-the-art energy efficiency process.  A simple framework establishes a 
road map for classifying and prioritizing energy performance metrics for all 68 buildings.  The 
analysis of retrofit work develops common metrics useful for selecting key strategies, projecting 
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costs and estimating potential energy savings.  Also noteworthy to point out is the timely and larger 
dialogue about the need for closer collaboration among government agencies which in my opinion 
are required to achieve holistic solutions.  Developing comprehensive strategic plans of any kind 
requires communication with all building system sectors and users – no single approach yields what 
is necessary to meet targets in this case.  The recommendations target the HVAC system, but also 
point to perhaps a larger audience – the users.  There is a conscious effort to include input from 
facility managers, staff and various agency department heads during this analysis.  The primary focus 
of this thesis intends to develop a comprehensive strategy plan for moving forward towards 
reaching the 30% EUI reduction targets by 2015 and according to the results – it has surpassed the 
minimum targets.  In fact, projections indicate that even the 37.5% EUI reduction targets for 2020 
can be met.    
 
This work emerges, in part, out of the author’s experience within this field and professional practice.  
The next steps in this research include expanding validation studies and additions to the basic 
framework.  For instance, while this thesis focuses on proposing a way forward towards 30% EUI 
reductions by 2015 and remarkably also potentially achieving the 37.5% by 2020 aiming for higher 
reductions of 60% or 75% deserve even greater attention.  For instance in addition to EUI reduction 
targets, currently there is federal policy that requires federal buildings to generate 25% of building 
electricity with renewable sources by 2025 – an effort in progress, but appears to face similar 
shortfalls.  Furthermore, new federal buildings designed in 2020 will be required to meet Net Zero 
capabilities by 2030.  It is clear that there is a major agenda towards reducing energy use and the 
emissions footprint from federal buildings.  In light of this, the energy performance from the Air 
Force’s healthcare building inventory must be analyzed further.  A more in-depth fact finding 
assessment of case studies that pairs retrofit work with utility savings could reveal the need to 
redirect efforts to other building systems in lieu of HVAC.  Additionally, framework standards could 
be developed for segregating sequence of work in contract documents so that tracking of retrofit 
impacts becomes equally important as the work itself.  And while this thesis establishes preliminary 
common metrics, further research could develop a set of metrics that compares military and civilian 
healthcare EUI’s, energy costs, size and age within the same local area or state.  Formulating these 
metrics would not only provide data sets useful for comparing the Air Force inventory, but would 
also serve to update the healthcare industry archaic energy performance data from 2003 and initiate 
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dialogue among healthcare organizations.  Expanding this research to consider daily and hourly data 
sets could further illustrate potentials during off peak and peak times.  In the larger scheme of 
building energy performance, this thesis demonstrates that, in this case, specific questions can be 
raised, quantitatively answered, and incorporated into a 2015 strategic plan.  However, careful 
consideration beyond minimum energy reduction targets and ultimately aiming towards Net Zero 
capabilities for the near future merits even further validation through research.                
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DISCLAIMERS 
The views expressed in this thesis are those of the author and do not reflect the official policy or 
position of the U.S. Air Force, Department of Defense, or the U.S. Government. 
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Appendix A: 
Building characteristics and energy performance metrics for 68 facilities as of December 2012.   
 
Location Facility 
Designation 
Climate 
Zone 
Year Built Total Floor 
Space (ft2) 
Current ES 
Rating 
Current Site Energy 
Intensity (kBtu/ft2) 
AK H3 7 1958 457,198 13 294.1 
AK C19 8 1986 71,392 70 63.9 
AL C4 3 2000 198,489 38 158.6 
AR CHC19 3 1950 145,000 57 101.6 
AZ CHC3 3 1961 99,312 36 166.2 
AZ CHC22 4 1974 163,739 77 89 
CA C8 3 1950 88,319 56 88.2 
CA C11 3 2004 54,938 36 131.4 
CA C5 3 2002 50,040 2 144 
CA H6 3 1989 833,480 53 185.8 
CA CHC14 3 1967 119,770 42 130.5 
CO H8 4 1958 160,000 2 354.7 
CO C16 5 1993 19,235 60 58.5 
CO C6 5 1950 65,000 51 111.5 
DC H4 4 1958 323,438 28 166.7 
DE CHC15 4 1950 101,515 47 109.6 
FL H11 2 1968 484,893 79 108.4 
FL C9 2 1992 79,403 16 160.4 
FL C20 2 2008 356,089 70 82.7 
FL CHC10 2 1950 74,041 25 165.9 
FL CHC20 2 1950 115,254 41 141.6 
GA CHC4 3 1965 67,883 39 161.4 
GA CHC17 3 1950 152,139 50 152.4 
GUAM C18   2007 70,066 82 81.3 
HAWAII C25 1 1950 77,640 63 83.9 
ID H5 5 1989 164,355 46 185.6 
IL CHC2 4 1958 280,271 81 79.2 
JAPAN C17   1999 231,766 43 106.8 
JAPAN H7   1994 155,488 70 192.6 
JAPAN H2   1975 153,800 12 305.1 
KS C10 4 1994 92,300 49 114.8 
119 
 
LA CHC13 3 1970 134,260 58 143.3 
MA C14 5 1979 50,193 35 142.1 
MD H13 4 2006 129,819 92 125.3 
MO CHC6 4 1950 102,000 46 152.7 
MS H10 2 1950 735,130 77 146.2 
MS CHC29 3 1970 65,523 46 102.5 
MT C7 6 1950 91,000 48 98.5 
NC CHC9 3 1950 98,873 13 192.1 
ND CHC11 7 1950 96,094 47 143.3 
ND CHC5 7 1988 178,000 71 103.5 
NE CHC8 5 1965 259,285 39 158.6 
NJ C3 4 2001 160,000 66 97.4 
NM CHC23 3 1950 78,000 61 76.9 
NM CHC24 4 1968 150,318 66 66.2 
NM C12 5 1988 110,317 19 285 
NV H12 3 1950 394,000 68 202.9 
OH H9 5 1956 786,695 61 151 
OK CHC28 3 1980 106,192 70 66.9 
OK CHC18 3 1957 184,156 77 51.7 
OK C22 3 1950 35,484 52 91.8 
SC CHC1 3 1987 74,969 19 106.7 
SC CHC7 3 1950 115,960 47 147.5 
SD CHC26 6 1950 165,426 67 67.8 
TURKEY C2   1994 117,508 23 190.9 
TX C13 2 1970 51,785 58 112 
TX H1 2 1950 1,352,417 66 459 
TX C15 2 1950 80,799 71 100.3 
TX C24 2 1950 105,681 70 68.9 
TX CHC25 3 1950 141,162 68 81.9 
TX C21 3 1950 50,515 60 89.5 
TX CHC12 3 1950 313,861 47 184.6 
UTAH CHC16 6 1974 134,564 74 77.7 
VA H14 4 1950 279,496 76 187.5 
WA C23 4 2000 94,742 45 98.7 
WA CHC21 5 1957 138,454 74 69.5 
WVIRGINIA C1 4 1970 34,744 9 184 
WY CHC27 6 1977 88,144 21 153.9 
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